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GEOLOGY OF THE SIERRA BLANCA AREA, HUDSPETH COUNTY, TEXAS

By Craupe C. AieriTrON, JR., and J. Frep SmirH, JR.

ABSTRACT

The Sierra Blanca area covers about 950 square miles in
Hudspeth County, Tex., along the Mexican border and includes
the Triple Hill, Finlay Mountains, and Sierra Blanca 15-min-
ute quadrangles and the parts of the Fort Quitman and
McNary quadrangles within the United States.

The area lies athwart the border between the Basin and
Range province on the north and the Sierra Madre Oriental
province on the south. In the report area the two provinces
have maintained their identities for a long span of time that
probably extended back into the Precambrian. The northern
province generally behaved as a rigid platform, whereas the
southern province was much more mobile, This difference in
behavior is reflected in the depositional history.

The rock record in the area of this survey began during the
Early Permian (Leonard) when the mobile area may have
been the site of part of a basin and the platform was the
northeastern shelf of that basin. Then, after a period of
uplift and erosion, the mobile area sank to form the northern
part of the Mexican geosyncline in which Late Jurassic and
Cretaceous sediments were deposited. A more widespread re-
gional subsidence after the Neocomian Stage of the Cretaceous
permitted the Mexican sea to spread beyond the confines of
the geosyncline and onto the edge of the platform, but through-
out Early Cretaceous time the greatest subsidence was in the
mobile belt. The sea alternately advanced and retreated over
the platform during part of Early and Late Cretaceous times
until the region was deformed, uplifted, and eroded before it
receiver! volcanic rocks of Tertiary age.

Rocks of the Leonard Series of the Permian System consist
of 1,650 feet of marlstone, limestone, and conglomerate in the
Finlay Mountains along the south edge of the northern prov-
ince; they contain both marine fossils and leaves and fronds
of terrestrial plants and were probably deposited near shore.
Rocks that may also be largely of Leonard age consist of inter-
bedded gypsum, limestone, and dolomite in the Briggs Forma-
tion in the Malone Mountains of the southern province. As
the two sequences not only are disconnected but also are sepa-
rated by a major thrust fault, their relationship is obscure.

Rocks of the Jurassic System occur only in the southern
province, where they are represented by the Malone Formation,
made up largely of clastic materials. The formation is about
1,000 feet thick but is thinner locally on account of irregulari-
ties of the surface on which it was deposited. Although of
marine origin, it contains driftwood and evidently was de-
posited near shore. Ammonites indicate that the formation
corresponds approximately to the Kimmeridgian and Tithonian
Stages.

The oldest rocks of the Lower Cretaceous Series, largely of
Neocomian age, are also restricted to the southern province,
where they are divided into the Torcer Formation, Etholen
Conglomerate, and Yucca Formation. The Torcer is composed
of about 400 feet of clastic limestone and basal quartzite and
conglomerate and lies conformably on the Malone Formation.
The Etholen is coarse conglomerate and breccia, at least 700
feet thick, and crops out only near the border of the two
structural provinces; it may be equivalent in part to the

Torcer Formation. The Yucca is a heterogeneous mixture
made up chiefly of clastic rocks and in the southern part of
the area is more than 5,500 feet thick. All three formations
are sparsely fossiliferous.

The remainder of the Lower Cretaceous Series forms a sedi-
mentary wedge that thins from 4,500 feet in the southern
province to 2,500 feet in the northern. The rocks in the south
are chiefly marine limestone, but those in the north include
thick units and tongues of sandstone. This part of the series
is divided into the Bluff Mesa Limestone, whose partial equiva-
lent in the north is the Campagrande Formation, and the Cox
Sandstone, the Finlay Limestone, the Kiamichi Formation, and
rocks of Washita age (undivided).

The Bluff Mesa Limestone is 1,080 to 1,475 feet thick and
consists largely of limestone containing abundant marine fos-
sils. The large foraminifers Orbitolina tezana (Roemer) and
0. minuta Douglass are conflned to this formation and form
whole layers of rock at certain horizons. Thinner near-shore
equivalents of this formation in the northern province com-
pose the Campagrande Formation, the lower part of which is
made up of siltstone and other clastic rocks and is possibly
nonmarine ; the upper part is largely marine limestone.

The succeeding Cox Sandstone is about 1,300 feet thick in
the southern province, where it includes much marine lime-
stone. To the north it is about 500 feet thick, consists largely
of sandstone, siltstone, and shale, and contains abundant petri-
fied driftwood in some beds.

The Finlay Limestone, the most nearly homogeneous of the
Cretaceous formations, thins from 510 feet in thickness in the
south to less than 200 feet in the north; it is mostly limestone
pbut contains sandstone lenses in the northern part of the area.
Its numerous marine fossils include the foraminifer Dictyo-
conus walnutensis (Carsey).

The Kiamichi Formation consists of interbedded shale,
sandstone, limestone, and marl in the southern province, where
it is 285 feet thick; to the north it is dominantly sandstone
and is probably no more than 200 feet thick. It contains am-
monites and other marine invertebrates.

Rocks of Washita age are about 1,000 feet thick. They con-
sist chiefly of interbedded marl, limestone, and shale, and con-
tain diversified marine invertebrates.

Arkosic sandstone and siltstone of the Upper Cretaceous
Series undifferentiated are more than 675 feet thick and lie
conformably on rocks of Washita age at one locality near the
boundary between the two provinces. Fossils suggest that the
beds are of Eagle Ford age. In the report area these are the
youngest exposed rocks that are older than the major defor-
mation of the region.

During the Laramide deformation in latest Cretaceous or
early Tertiary time, the Cretaceous and older rocks in the
mobile southern province were folded and thrust several miles
northward against the adjoining platform. They were broken
into three blocks bounded by thrust faults that trend north-
westward and dip southwestward. Strata of the northernmost
or Devil Ridge block are homoclinal and dip southwestward.
Strata of the medial or Red Hills block are intricately folded.
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2 GEOLOGY OF SIERRA BLANCA AREA, HUDSPETH COUNTY, TEXAS

Strata of the southernmost or Quitman block are mostly on
the northeast limb of a single large anticline overturned toward
the northeast. Traces of the three principal thrusts converge
northwestward and may become a single fault in the western
part of the area. In the northern province the thinner se-
quence of strata was warped into broad open folds that were
fractured locally by small normal faults.

After an interval of subaerial erosion, rhyolite, trachyte,
and other lavas were erupted near the margin of the two
provinces to form the Square Peak Volcanics, which are about
8,500 feet thick in the northern part of the Quitman Moun-
tains. The volcanic rocks and the adjacent sedimentary rocks
were subsequently intruded by the monzonitic Quitman pluton,
which has an elliptical outcrop suggestive of a ring dike; the
voleanic rocks subsided inside the ring, and this ovate struc-
ture might be interpreted as an ancient small caldera. Rhyo-
lite laccoliths and andesite porphyry and latite porphyry sills
were injected into the less deformed strata of the northern
province, and a few dikes were intruded into rocks of both
provinces, presumably at about the same time as the emplace-
ment of the Quitman pluton. None of the igneous rocks are
accurately dated; on scanty evidence from outside the report
area, the volcanic rocks may be of Eocene or Oligocene age
and the intrusive rocks, only slightly younger.

In late Tertiary time, highlands and lowlands were formed
in parts of the southern province and tne transitional belt
north of it. The Hueco Bolson, largest of the lowlands, was
a basin of internal drainage during the Pliocene, when it was
filled by many hundred feet of sand, clay, and gypsum, which
grade into fanglomerate near the mountains.

Hxternal drainage through the Rio Grande Valley probably
was established early in Pleistocene time. Ancient channel
deposits with gravels from distant sources were entrenched in
older alluvium of the Hueco Bolson. After incision of the
initial channel of the Rio Grande, the river shifted and low-
ered its course to its present position in the El1 Paso Valley.
Five gravel-capped surfaces and two cut-and-fill terraces mark
successive stages in this process, during which traces of the
original valley were destroyed by planation. Other surficial
deposits include alluvium, colluvium, and windblown sand.

Principal natural resources of the Sierra Blanca area are
ground water, clay, gypsum, gravel, and building stone. Metal-
liferous deposits near the igneous rocks of the Quitman Moun-
tains have been extensively prospected, but results have been
disappointing. Up to 1960, search for oil and gas had been
unsuccessful, although the southern province with its thick
sedimentary sequence and intricate structure had not been
adequately tested.

INTRODUCTION

AN ANCIENT STRUCTURAL BOUNDARY

In this report we reconstruct the history of an an-
cient boundary between a rigid structural platform
and a mobile geosynclinal belt. The platform is now
part of the Basin and Range province, and the mobile
belt is part of the Sierra Madre Oriental. Within the
limits of four 15-minute quadrangles centering near
the town of Sierra Blanca, Tex. (fig. 1), these two
provinces have maintained their separate identities
since Late Jurassic time and probably since Permian
time. Studies of adjoining areas by other geologists

suggest that the mobile belt and the stable platform
were in existence even in Precambrian time.

The boundary between the Sierra Madre Oriental
and the Basin and Range province is more sharply
defined in the report area than elsewhere. From the
gap between Sierra Blanca Peak and the Quitman
Mountains, the boundary extends eastward near U.S.
Highway 80 toward Van Horn east of the mapped
area (fig. 1). Westward, the boundary crosses the
Hueco Bolson between Campo Grande Mountain and
the Finlay Mountains.

Landscapes north and south of the boundary have
arresting contrasts. The Diablo Plateau on the north
is a broad tableland carved by erosion into scattered
mesas and cuestas. To the south is a corrugated ter-
rain of ridges and sierras alternating with broad
bolsons.

Differences in surface configuration reflect differ-
ences in composition and structure of the underlying
rocks. In most of the Diablo Plateau, strata of Meso-
zoic and older ages are nearly horizontal, but along
the Sierra Madre front they are folded. Rocks of
both regions are faulted, but the faults are more
closely spaced in the Sierra Madre, and many of them
are thrust faults.

The stratigraphic relations indicate that the region
to the south subsided repeatedly relative to the adja-
cent platform and has thus been a catchment area for
a disproportionately thick accumulation of sediments.
This region forms the north end of the Mexican geo-
syncline. Sedimentation began in this geosyncline
during Late Jurassic time but did not extend into the
area of the adjacent platform on the north until after
earliest Cretaceous time. Striking differences between
the facies of the Permian rocks of the two regions are
probably also related to positive movements of the
Diablo platform.

A few miles east of the Sierra Blanca area, the
boundary between the two provinces separates unlike
sedimentary facies within the Precambrian rocks, the
thicker, finer grained, and more strongly deformed
sequence again being on the south side. Several geolo-
gists have interpreted this structural boundary as an
ancient belt of fracture that extends far beyond the
Sierra Blanca area across part or all of the North
American continent and have termed it the “Texas
lineament.” If such a hypothetical fracture belt ex-
ists, it is one of the longest structural lines in the
world.

We leave it for others to decide whether the bound-
ary described in this report was ultimately controlled
by deep-seated fractures of local, regional, or conti-
nental proportions. Our concern here is with the
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boundary’s dimension in time, which is set forth in a
systematic account of the local rock units, their struc-
tural relations, and their expression in the present
landscape. The geological chronicle begins with the
Permian and ends with the present.

THE SIERRA BLANCA AREA

LOCATION AND CULTURE

The Sierra Blanca area covers about 950 square
miles in southern Hudspeth County, Tex. It includes
the Finlay Mountains, Triple Hill, and Sierra Blanca
15-minute quadrangles and the parts of the Fort Quit-
man and McNary quadrangles that are in the United
States northeast of the Rio Grande (fig. 1).

Sierra Blanca is the county seat of Hudspeth County
and is the principal town. Two railroads, the South-
ern Pacific and the Texas and Pacific, join here from
the east and use the same line northwestward to El
Paso. U.S. Highway 80, a main east-west route across
Texas, crosses the southern half of the area. Much of
the country away from the highway is accessible from
county and ranch roads. A county road parallel to
the Rio Grande serves farms and ranches near the
river; a road to Carlsbad, N. Mex., leads northward
from Sierra Blanca across the Diablo Plateau to U.S.
Highways 62 and 180; a third county road extends
southward from Sierra Blanca down Quitman Canyon
to the Rio Grande. A road through Quitman Gap
connects the road down Quitman Canyon with the one
along the Rio Grande. Quitman Gap was one of the
more difficult stretches along the old stage route lead-
mmg westward to Fort Quitman and E1 Paso.

Principal economie activities of the region are stock-
raising and farming. Farming is confined to irrigated
parts of the Rio Grande flood plain.

PHYSICAL FEATURES

The area is divisible into the seven topographic parts
shown on figure 1.

The Diablo Plateau is a tableland of low relief,
mostly between 4,400 and 5,200 feet in altitude. The
surface is formed of mesas and cuestas that rise 100
to 200 feet above broad valleys; most of the hills and
valleys are elongated eastward. The south edge of the
plateau extends as a scalloped escarpment across the
northern half of the area. West of the Finlay Moun-
tains, its rim projects abruptly in cliffy slopes 450 feet
above the Hueco Bolson, but farther east the height
decreases and the escarpment is discontinuous. All
streams of the plateau are ephemeral, and most drain
northward or eastward from a divide near the south-
ern edge of the plateau.

The Finlay Mountains are elliptical in plan, elon-
gated northwestward, about 10 miles long and 5 miles
wide. Their core of flat-topped mountains, including
Finlay Mountain (alt 5,704 ft), is encircled by a ring
of hogbacks and cuestas. Northward, they connect
with the Diablo Plateau. Ephemeral streams drain
radially toward the west, south, and east into the
Hueco Bolson, the border of which is about 1,400 feet
below the higher parts of the mountains.

The Sierra Blanca peaks form a compact group of
five subconical mountains just beyond the south escarp-
ment of the Diablo Plateau. Sierra Blanca, a com-
manding landmark and highest mountain in the report
area, rises 2,000 feet from surrounding flats to an alti-
tude of 6,894 feet. Little Blanca Mountain, Round
Top, Little Round Top, and Triple Hill are lower
prominences. A cuesta extends several miles south-
eastward from Triple Hill, and smaller paralle]l ridges
flank Sierra Blanca Peak on the south and southeast.
An inconspicuous divide near the peaks separates
arroyos draining eastward into an enclosed basin from
those draining westward into the Hueco Bolson and
the Rio Grande.

The Quitman Mountains-Devil Ridge area consists
principally of two mountainous belts in the form of
an acute V, pointing northwestward. The Quitman
Mountains form the broader arm; the Malone Moun-
tains are at the apex. A discontinuous line of hills
and ridges—Etholen Hill, Bluff Mesa, and Devil
Ridge—forms the narrower arm. The so-called Quit-
man Canyon is actually a broad intermontane valley
separating the two mountainous belts. The Quitman
Mountains rise 2,500 feet above the Hueco Bolson on
the west and 2,000 feet above the lowlands on the east.
North of Quitman Gap the mountains consist of a
single massive ridge which is divided into four princi-
pal segments by canyons draining to the east and west.
Each segment culminates in a pinnacled crest trending
west to northwest. South of the pass, the mountains
consist of several ridges paralle] to the trend of the
range. This condition is true also of the Malone
Mountains and Devil Ridge. The Quitman Mountains-
Devil Ridge area drains mostly to the Rio Grande
down Quitman Canyon or along arroyos across the
Hueco Bolson. Drainage through Quitman Gap ap-
parently has captured part of the headwater area of
Quitman Canyon.

Eagle Flat is a smooth alluvial valley, 25 miles long
and 5 miles wide and separates the Diablo Plateau
from mountains on the south. It is elongated north-
westward and ranges in altitude from 4,300 to 4,500
feet. At its west end, near the town of Sierra Blanca,
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FI1GURE 1.——The Sierra Blanca area, the boundary between the Basin and Range province and the Sierra Madre Oriental, and the topographic

subdivisions of the Sierra Blanca area including (1) Diablo
Mountains-Devil Ridge area, (5) Eagle Flat, (6) Hueco Bolson,

this lowland curves northward and merges with broad
valleys that breach the south front of the Diablo
Plateau. Drainage is largely internal and converges
from the bordering plateaus and mountains into an
ephemeral lake about a mile east of the border of the
Sierra Blanca area. Part of the former drainage
basin of the area northeast of Devil Ridge has been

Plateau, (2) Finlay Mountains, (3) Sierra Blanca peaks, (4) Quitman
and (7) El Paso Valley.

captured by branches from Quitman Canyon which
lies to the southwest.

Only the southeast end of the Hueco Bolson extends
into the Sierra Blanca area. Farther westward to-
ward El Paso the bolson is a sandy plain, but in the
mapped area it is intricately dissected by ephemeral
tributaries of the Rio Grande. Flattish divides be-
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tween arroyos slope toward the master stream across
a series of descending erosional benches. Altitudes
range from 3,500 to 4,500 feet.

El Paso Valley is the 90-mile-long segment of the
Rio Grande flood plain between the narrows in the
river at El Paso and the narrows below Fort Quit-
man. The valley floor in the Sierra Blanca area is at
altitudes between 3,430 and 8,520 feet. It is a silty
plain bordered by bluffs and low terraces. In the past
the Rio Grande meandered widely over this plain, as
indicated by numerous cutoffs and sloughs, but it is
now largely channeled between artificial levees that
both protect the croplands and stabilize the boundary
between Mexico and the United States. The river is
often dry or reduced to a trickle when water is being
diverted into ditches for irrigation.

CLIMATE AND VEGETATION

The Sierra Blanca area is near the margin of a
broad desert that extends far southward into the cen-
tral plateau of Mexico. No regular records of the
weather have been kept for many years, but data re-
corded at Sierra Blanca from 1891 to 1897 are sum-
marized by the U.S. Weather Bureau in table 1.

Most of the rain falls as local thundershowers dur-
ing the months of July and August, and the months
from January through April are notably dry. Day-
time temperatures during the summer months are
commonly more than 100° F, but the nights are gener-
ally cool. Temperatures seem to differ considerably
from one part of the area to another, largely because
of the breezes in the higher parts; the air usually
seems hotter in the Hueco Bolson, particularly near
the Rio Grande, than in the bordering hills and
mountains.

The ground is sparsely covered with grass, cactus,
and scrub. Grasses grow in scattered patches on allu-
vial slopes and in places along the higher parts of the
Quitman Mountains, but the only extensive grasslands
are in the broad valleys of the Diablo Plateau. The

pincushion cactus, barrel cactus, and pricklypear flour-
ish in all parts of the area, and the fishhook cactus
grows on rocky surfaces. Stands of ocotillo cover
many of the rocky alluvial slopes. Other common
plants of this semiarid country are yucca, century
plant, lechuguilla, sage, and greasewood. Mesquite
and willow find the water necessary for their survival
along the larger arroyos and around cattle tanks.
Small juniper trees are scattered widely over the hills
and mountains, and the larger ones grow along the
canyons.
FIELDWORK

Fieldwork on which this report is based was done
in the summers of 1947, 1948, 1949, and 1951, and
amounted to about 1014 months. We were capably
assisted in 1947 by Earl B. Austin, Thomas E. Mul-
lens, and William W. Webber; in 1948 by John D.
Boon, Jr., Richard E. Byrd, Mark A. Clement, and
Thomas E. Mullens; and in 1949 by Peter N. Wig-
gins III.

Geologic mapping (pl. 1) of the Finlay Mountains,
Fort Quitman, Triple Hill, and McNary quadrangles
was done on topographic base maps enlarged to a scale
of 1:31,250 and with the use of aerial photographs.
As an adequate topographic base was not available for
the Sierra Blanca quadrangle, the base map and geo-
logic map were compiled from aerial photographs by
radial-line plotting, controlled by a triangulation net
expanded from a measured base line by planetable
and alidade. Most of the stratigraphic sections were
measured trigonometrically by using a tape and a
Brunton compass to measure the dips of strata and
slopes of the surface. In some areas of almost hori-
zontal beds, direct measurements of thickness were
made with hand level or tape.

ACENOWLEDGMENTS
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Many helpful suggestions on interpretation of the
geology were given by Philip B. King, who visited

TaBLE 1.—Precipitation, in inches, and temperature, in degrees Fahrenheit, at Sierra Blanca

[Data summarized by U.S. Weather Bur.]

Jan. Feb. | Mar. | Apr. May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. |Annual
1891-98
Average precipita-
tion_ . ___________ 0.13| 0.26| 0.19 | Trace | 0.64 | 0.66 | 2.34| 2.17{ 1.32| 1..10| 0.31| 0.33 9. 45
1891-97
Average tempera-
ture. .. _________ 48.6 | 49.0 | 54.8 64.2 | 71.1 |78.2 |79.4 [(77.3 [72.9 [63.4 [565 |[48.0 63. 6
Highest tempera-
ture..___________ 74 78 83 91 |102 104 101 100 95 84 88 88 104
Lowest temperature.| 9 7 18 23 36 50 50 40 28 7 13 7
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our party during the field seasons of 1948 and 1949.
Prof. J. D. Boon, Jr., of Arlington State College,
Tex., generously permitted us to use his unpublished
geologic map of the Sierra Blanca peaks and vicinity.
Our thanks are extended to them and to Roy M. Huf-
fington, who shared with us his extensive knowledge
of the northern part of the Quitman Mountains.

Residents of the Sierra Blanca area contributed
much toward making our sojourns pleasant. All pri-
vate roads were made accessible to us, and on several
occasions the ranchers and townsfolk guided our party
to geologic features.

PREVIOUS INVESTIGATIONS

Little was known of the geography and geology of
the Sierra Blanca area until late in the 19th century.
In 1849, Capt. S. G. French supervised construction
of a road connecting San Antonio and El Paso through
Quitman Gap. From the field notes of this and other
military expeditions, maps were drawn to show land-
marks along routes of travel through the Trans-Pecos
region (French, 1850). In 1853 and 1854, C. C. Parry,
M.D., studied the botany and geology along the Rio
Grande as part of the work of the United States and
Mexican Boundary Survey. He described the alluvial
deposits of the intermontane basins and recognized
that much of the alluvium came from the bordering
uplands (Parry, 1857, p. 6, 49-50).

The first geologist to study the Sierra Blanca area
was W. H. R. von Streeruwitz, who started work there
for the Geological Survey of Texas in 1888. Streeru-
witz’s observations are recorded in great detail in the
annual reports to the Director of the Survey for the
years 1889 to 1893. He was an accomplished surveyor;
his base map of the country along the Texas and
Pacific Railway accurately shows the topography as
well as the dip and strike of the stratified rocks.
Sections accompanying the map show many of the
broader structural features but very few of the faults.
Streeruwitz also examined the mines and prospects of
the Quitman Mountains and their ores of silver, cop-
per, lead, and zinc. He noted that some of these con-
tained uranium.

In 1890, J. A. Taff assisted Streeruwitz and studied
the Cretaceous rocks; he (1891) drew up the first
columnar section of the Sierra Blanca area. As Taff
was unaware of the thrust faulting and other struc-
tural complexities, his sequence was largely inverted;
but his descriptions of the strata are accurate, and
several of his formation names are still in use.

Rocks and fossils collected by Streeruwitz were
studied by various specialists. In a petrographic re-
port, C. A. Osann (1893) identified the fine-textured

rock of the Sierra Blanca peaks as igneous, rather
than sedimentary as the collectors considered it. He
also recognized that extrusive as well as intrusive
rocks occur in the Quitman Mountains.

Fossils were identified by F. W. Cragin (1893).
Those from the Malone Hills, the low hills east of
Torcer, aroused his curiosity, as they appeared to be
older than the Cretaceous; after obtaining additional
specimens he (1897) concluded that they were of
Jurassic age, and he later systematically described the
Malone fauna (Cragin, 1905). His results gave rise
to a long controversy, details of which are given in the
section on Jurassic rocks (p. 85-37).

While Cragin was collecting fossils, Timothy W.
Stanton measured stratigraphic sections in the Malone
and Quitman Mountains. Near Quitman Gap and
again near the south end of the Quitman range, Stan-
ton established from fossils that the strata were over-
turned. His observations, published in Cragin’s bul-
letin (1905), did much to clarify the stratigraphy and
also made possible more detailed interpretations of
the structure.

The first comprehensive geologic reports with geo-
logic maps came from reconnaissance by George B.
Richardson (1904) and Charles L. Baker (1927).
Richardson described the area north of the Texas and
Pacific Railway, Baker the area to the south. Essen-
tial features of Cretaceous stratigraphy of the Diablo
Plateau were established by Richardson. Baker’s dis-
covery of thrust faults in the Quitman Mountains and
in Devil Ridge indicated a greater structural com-
plexity than anyone had suggested before.

Detailed studies of individual mountain groups be-
gan in 1934 with investigations of the Malone Moun-
tains by Albritton (1937a and b, 1938) and were con-
tinued in Devil Ridge by Smith (1940), in the Finlay
Mountains by Albritton and Ham (1941), in the
northern Quitman Mountains by Huffington (1943),
and in the Sierra Blanca Peak area by Boon (King,
1949).

ROCK FORMATIONS

Sedimentary rocks exposed in the Sierra Blanca
area are of Permian to Recent age. The stratigraphy
of the pre-Tertiary rocks is summarized in table 2.
Unless otherwise indicated, all fossil identifications in
this report are by Claude C. Albritton, Jr.

Deposits of probable late Tertiary and early Quater-
nary ages underlie the Hueco Bolson but are concealed
over broad areas by more recent accumulations of
alluvium, colluvium, and windblown sand. Igneous
rocks of Tertiary age form the Sierra Blanca peaks
and the greater part of the northern Quitman Moun-
tains. Dikes and sills are present throughout the
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TaBLE 2.—Summary of pre-Tertiary formations

System Series Age Formation Lithology Thickness (feet) ‘Where exposed
Gray and brown fine-grained and very fine grained
sandstone and less siltstone and shaly siltstone; 16754-] Etholen Knobs.
Upper much of the sandstone is arkosic.
Around Sierra Blanca peaks, east
‘Washita Undivided Massive gray limestone and nodular limestone | 21,0204--1,400 ofA north end Quitman Moun-
and less marl, shale, and sandstone. tains, northeast of Devil Ridge,
southern Quitman Mountains.
Northeast corner of mapped area,
Gray shale, gray nodular limestone, and marl in north of Round Top, north end
—_ - — Kiamichi southern Quitman Mountains;, sandstone and 150:-235 Flat Mesa, southern Quitman
some marl at north end Flat Mesa; sandstone Mountains. Complete section
on Diablo Plateau. exposed only in southern Quit-
man Mountains.
Principally gray limestone, some slightly sandy; .
Fredericksburg Finlay some interbedded marl, marly limestone, and 130+-510 | Widespread.
nodular limestone; sandstone lenses in northeast
on Diablo Plateau.
Brown-weathering and brown-speckled sand-
Cretaceous stone, shale and siltstone, and limestone: shale
and siltstone predominate in northwestern
-2~ Cox exposures, in Finlay Mountains; sandstone 450-1, 300} Widespread.
predominates in eastern exposures; sandstone
Lower and limestone are about equal in amount in
southern exposures, in southern Quitman
Mountains.
Generally limestone and marl in upger 200 ft;
Campagrande 3 interbedded limestone, silt, sandy shale, sand- 375-800+! North of railroads.
stone, and conglomerate in fower part.
Bluft Mesa 3 Gray sandy limestone and less limestone, sand- 1,080-1, 4754-| South of railroads.
stone, and shale; many massive limestone beds.
Trinity
Limestone, sandstone, quartzite, limestone-
pebble conglomerate, and shale; conspicuous
Yucea red and yellow beds; limestone predominates 0-5, 5004-| South of railroads.
in northern exposures, sandstone predominates
in southern exposures.
Conglomerate, chiefly of limestone pebbles, cob- .
Etholen ¢ bles, and boulders; scattered chert pebbles and 700+| Etholen Knobs and Etholen Hill.
local beds of chert-pebble conglomerate; some
lenses of gray limestone.
Impure limestone containing clay to sand-sized Malone Mountains and west side
Cretaceous(?) Lower Torcer ¢ siliceous particles; some sandstone and shale; 4004-| of north end of Quitman Moun-
basal beds of quartzitic sandstone and some tains.
conglomerate chiefly of siliceous pebbles.
Upper member: black limestone, generally sandy;
some calcareous sandstone at base. Lower X
. member: sandstone, siltstone and shale, lime- Malone Mountains and west of
Jurassic Upper Malone stone-pebble conglomerate, and limestone; all 190-1,000+| north end of: Quitman Moun-
units thinly bedded; abrupt lateral changes in tains.
facies; irregular and discontinuous bodies of
gypsiferous rock in basal and middle parts.
Uncomformity
. Gypsum and interbedded irregular bodies and Malone Mountains and west of
Briggs § enses of limestone and dolomite. 6304 ?ggh end of Quitman Moun-
s.
Permian Leonard
About 60 percent marlstone and 40 percent lime- . .
Not named & stone, dolomitic rocks, and limestone-pebble 1,650+ Finlay Mountains.
conglomerate.

1Top is at base of Devil Ridge thrust.

2 Probable range.

3 The order of these two formations in the table does not indicate stratigraphic sequence. They are equivalent in part at least.
4 The order of these two formations in the table does not indicate a strict stratigraphic sequence. They may be equivalent in part.
& The order of these two formations in the table does not indicate stratigraphic sequence. They are equivalent in part at least.

area and are particularly prominent in the Finlay
Mountains.

PERMIAN SYSTEM
CONTRASTING SEDIMENTARY FACIES

Rocks belonging to the Permian System are exposed
only in the Malone and Finlay Mountains. The ex-
posures are only 7 miles apart, yet the rocks are so
different in facies and thickness that their relations
are uncertain. The base of each sequence is concealed,
and the top is truncated along an unconformity.

In the Finlay Mountains, the Permian beds are
1,650 feet thick. They were laid down as clastic sedi-

ments, mostly calcareous muds; marlstone accounts
for 60 percent of the sequence, and the remainder is
about equally divided between limestone and conglom-
erate. Marine invertebrate fossils that occur through-
out the sequence are the basis for assigning these beds
to the Leonard Series.

In the Malone Mountains, the Permian beds are 630
feet thick and consist dominantly of gypsum. The
interbedded carbonate rocks are more commonly dolo-
mitic than calcitic varieties. This sequence originated
mostly as chemical precipitates. Marine invertebrate
fossils characteristic of the Leonard Series occur in
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limestone at the base of the section in the Malone
Mountains; the remainder is mostly unfossiliferous
except for reeflike masses of possible algal origin in
the upper part.

The gypsiferous sequence of the Malone Mountains
is the Briggs Formation (Albritton, 1938). Because
of the physical differences mentioned above, we treat
the Leonard sequence of the Finlay Mountains as a
unit separate from the Briggs, neither formally classi-
fied nor differentiated. The two sequences, however,
appear to be at least partly contemporaneous.

LEONARD SERIES (UNDIVIDED) OF FINLAY MOUNTAINS
STRATIGRAPHIC SECTION

Rocks of Permian age crop out over an area of ap-
proximately 5 square miles in the western part of the
Finlay Mountains. The dominant rock is a hard fine-
grained mixture of carbonate minerals and clay, here
termed a marlstone, which makes up most of the lower
three-fourths of the exposed section. In the upper
fourth the marlstone is interbedded with limestone in
approximately equal amounts. Limestone conglomer-
ate occurs from bottom to top of the sequence, al-
though the thickest units are restricted to the lower
900 feet and the upper 200 feet.

Thicknesses of the lower marlstone units are difficult
to measure because of disconnected outcrops and er-
ratic original dips. As minimum thicknesses were
assigned to these units, our estimate of 1,650 feet for
the entire exposed sequence is also a minimum figure.
An unknown thickness of beds is concealed at the base
of the sequence and was eroded from the top prior to
deposition of the Lower Cretaceous strata.

The sequence is highly variable in lithology. Lime-
stone blends with limestone conglomerate both
laterally and vertically. Most marlstones contain
interbedded limestone and conglomerate. Bodies of
conglomerate vary greatly in thickness within short dis-
tances and many end abruptly when traced along
strike.

The following stratigraphic section was measured
across the larger croppings of bare rock along trav-
erse 1 shown on plate 1.

SecTioN 1.—The Leonard Series (undivided) in the Finlay Moun-
tains
[Western part of Finlay Mountains; traverse 1 shown on plate 1. Fossil identifica
tions by G. A. Cooper, C. C. Albritton, Jr., L. G. Henbest, R. C. Douglass, Helen
Duncan, and Ellis Yochelson]

Thick
Permian System—ILeonard Series (undivided): (;eegu
23. Conglomerate, predominantly limestone pebbles
and scattered pebbles of jasper, all set in a lime-

stone matrix; grades laterally into pebbly lime-

SectioN 1.—The Leonard Series (undivided) in the Finlay Moun-
tains—Continued.

Thickness
(feet)

Permian System—Leonard Series (undivided) =—Con.
22. Limestone, pebbly, gray, weathering brownish;
contains numerous bryozoans, crinoid stems,
horn corals, and fusulinids . - - ___ .. ________ 18
21. Marlstone, silty, poorly exposed____.__________ 12
20. Limestone, gray, in layers about 1 ft thick;
abundantly fossiliferous—contains fusulinids,
brachiopods, solitary corals, and large crinoid
stems._ . 18
19. Conglomerate, well-rounded limestone pebbles
averaging about one-half inch in diameter and
scattered chert pebbles; matrix of rounded
limestone grains and occasional fusulinid tests,
cemented by finely erystalline caleite. .. _____ 80
18. Marlstone, gray. oo 26
17. Limestone, gray, dolomitic, weathering brownish
in lower part and gray in upper; scattered chert
nodules enclose and replace fossils; abundantly
fossiliferous—contains fusulinids, small horn
corals, brachiopods (Enteletes dumblei Girty
and Prorichthofenia teguliferoides King), and
erinoid stems - _ . _ o L. 17
16. Conglomerate of limestone pebbles and scattered
chert pebbles; grades laterally into finely crys-
talline pebbly gray dolomitic limestone con-

taining many fossils like those of unit 17_______ 19
15. Limestone, gray, crinoidal____________________ 8
14. Marlstone, gray, silty-cc oo oeo . 72

13. Limestone, gray, finely ecrystalline; contains
abundant bryozoans; fragments of ecrinoid
stemsin basallayers. . . ______ . ____._. 37

12. Marlstone, silty; contains interbedded thin layers
of dark-gray limestone. ... ... _._____ 36

11. Limestone, dark-gray, finely ecrystalline; mostly
massive, locally laminated; contains numerous
brachiopods: Rhipidomella hessensis King,
Composita mexicana (Hall), Leptodus sp.,
Wellerella elegans (Girty), Hustedia meekana
(Shumard), and Prorichthofenia cf. P. lik-
harevt King; scattered ammonoids: Perrinites
hilli (Smith) and P. hslli tardus Miller and
Furnish?; abundant large crinoid stems, many

witheirri. . e 35

10. Marlstone; contains interbedded lentils of lime-
stone; poorly exposed__ ___________________. 14
9. Limestone, gray, massive, finely crystalline._.. 20

8. Limestone, gray, thinly bedded, finely crystalline;
contains shaly partings; weathers brown;
contains abundant fusulinids: Pseudofusuling
sp. and Parafusulina sp. (USGS f9687);
sponges: Heliospongia sp.; bryozoans: Fistuli-
pora sp.,P roretepora sp., and Septopora sp.
(USGS 14590-PC); brachiopods: Orbiculoidea
sp., Cancrinella sp., Dyoros subliratus (Girty),
D. sp., Kozlowskia sublaevis (King), Margini-
fera? manzanica Girty, M.? sp., Linoproductus
sp., Antiquatonia hessensts King, Composita sp.,
Neospirifer infraplicus King; pelecypods: Avi-
culopinna sp. (USGS 14590-PC); gastropods:
Euphemites sp. (USGS 14590-PC); and cepha-
lopods Propinacoceras knightt Miller and
Furnish, Medlicottia costellifera? Miller and





















PERMIAN SYSTEM 15

The ammonoids identified by Miller and Furnish
from R. E. King’s collection from unit 8 of our sec-
tion include Propinacoceras knighti, Medlicottia cos-
tellifera?, and Perrinites hilli var. tardus, which also
are characteristic of the Leonard.

The fusulinids include: Parafusulina? sp. aff.
Schwagerina hessensis Dunbar and Skinner; Schwa-
gerina diversiformis Dunbar and Skinner; Parafusu-
lina? sp. (USGS 9688) from the lower part of the
section (unit 2); and an undescribed species, 3 to 4
mm in diameter and as much as 15 mm long, transi-
tional from Pseudofusulina to Parafusulina (USGS
9684) from unit 22, a limestone 12 feet below the top
of the section. The fauna, according to Henbest and
Douglass, is probably of Leonard age, although an
earlier age, possibly extending back to Wolfcamp,
cannot be ruled out on evidence of the larger Foram-
inifera alone. The upper part of the section, then, con-
taining fusulinids no younger than Leonard age and
above a zone containing characteristic Leonard brachi-
opods and cephalopods is probably of Leonard age.

The basal 190 feet of the exposed section (unit 1)
is a conglomerate in which no fossils have been found.
Although there is no evidence that part of this unit
might not be as old as the Wolfcamp Series, its upper
part, at least, interfingers with marlstone and con-
glomerate containing brachiopods typical of the Leon-
ard and fusulinids that are strongly suggestive of
Leonard age.

BRIGGS FORMATION
DEFINITION

The name Briggs Formation was given by Albrit-
ton (1938, p. 1753) to 630 feet of interbedded lime-
stone, gypsum, and dolomitic rock forming approxi-
mately the lower third of the strata in the Malone
Mountains and in the Malone Hills east of Torcer.
The type locality is at Gypsum (formerly Briggs)
switch on the Southern Pacific railroad, where the
rocks are excellently exposed in quarries and on the
hills nearby. Only about half the total thickness is
exposed at the type locality. Previous and present
stratigraphic terminologies are given in figure 9.

LITHOLOGY

One-half to two-thirds of the Briggs Formation is
gypsum. Limestone and dolomite are interbedded
with the gypsum in lentils a fraction of an inch thick
and in lenses and irregular bodies as much as 200 feet
thick. Three of the larger bodies are designated as
members, but it is necessary to consider the entire area

of outcrop to determine relations between them (fig.
10).

The gypsum is weakly resistant to erosion and forms
valley floors and lower hill slopes, but its outcrops
are conspicuous because of their extreme bareness and
dazzling reflections in bright sunlight. It is best ex-
posed in the quarries at Gypsum switch.

The gypsum is white or very light gray and con-
sists of interlocking selenite crystals generally less
than a millimeter long and scattered larger crystals
which form local layers as much as an inch thick.
Gypsum of the Briggs is remarkably free of detrital
matter, except for tan or brownish ferruginous
streaks.

Small bodies of limestone and dolomite occur
throughout the gypsum. Some of them are lenses
several feet wide and three or four times as long as
thick. Some of the lenses appear to have been de-
posited almost in their present form, whereas others
represent continuous beds that were thickened by iso-
clinal folding (fig. 11). The thinner dolomite beds
are complexly contorted, as a result partly of expan-
sion due to alteration of primary anhydrite to selenite
and partly of folding and thrusting. A representa-
tive dolomite specimen contains 48.70 percent CaCOs,
43.96 percent MgCOs, and 6.3 percent insoluble resi-
due (Guerrero, 1952).

BLACK LIMESTONE MEMBER

The black limestone member, 150 feet thick, is ex-
posed in a single small area at the northwest end of
Malone Hills and is the oldest exposed part of the
Briggs Formation. The rock appears black in con-
trast with the overlying gypsum, but actually it is
brownish gray to dark gray. It is finely crystalline
limestone, contains local nodules of chert, and almost
everywhere has veinlgts of milky calcite. Silicified
solitary corals and other invertebrate fossils weather
in relief and are fairly abundant at certain horizons.
Chemical analysis (by R. G. Guerrero) of a repre-
sentative sample indicates nearly 83 percent CaCOs,
1 percent MgCQOs, and 15 percent insoluble material,
mostly clay.

In thin section, the limestone is seen to consist of
numerous fossil fragments set in an uneven-grained
microcrystalline and cryptocrystalline mosaic of cal-
cite crystals. Many of the brachiopod shells retain
minute details of their original structure (fig. 12).
Other shell fragments are replaced by calcite, either
as single crystals that preserve relicts of the original
structure or as coarsely crystalline intergrowths in
which no vestige of original structure remains.
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CONDITIONS OF DEPOSITION OF PERMIAN ROCKS

The Permian sediments accumulated on the floor
of a sea that covered much of western Texas during
Permian time. Contrasting sedimentary sequences in
the Finlay and Malone Mountains indicate that en-
vironments were different in the two areas, although
deposition probably was generally concurrent.

FINLAY MOUNTAINS

While the lower two-thirds of the sequence in the
Finlay Mountains was being deposited, the waters
that covered this area must frequently have been agi-
tated and the sea floor swept by currents. At times
colonies of bryozoans and communities of brachiopods
populated the sea floor, but these populations were
periodically buried by thin layers of lime-rich mud
that preserved the skeletons. Qccasionally, fronds and
leaves of land plants drifted in from nearby shores
and were buried with the shells. At intervals, cur-
rents moving in various directions scoured channels
that were later filled by mud or gravel. Fusulinid
tests and crinoid stem segments were transported with
the limestone pebbles and incorporated in the gravel
beds. Alternate scouring and filling produced many
local unconformities, and the sediments were cross-
bedded on a grand scale. Foreset beds on banks of
sediments occasionally crumpled and slumped to form
lenses of contorted rock. Because the shifting and
unstable bottoms on which the marlstone was depos-
ited were unfavorable to life, this rock is mostly
barren of fossils.

During deposition of the upper one-third of the
sequence, conditions were more favorable to the
growth of marine invertebrates. At times, mud and
gravel were still spread over the bottoms; but at other
times little clastic sediment was moved into the area,
and shellfish grew in profusion and caused the forma-
tion of extensive deposits of organic limestone. Cur-
rents moved prevailingly eastward or westward and
arranged some of the fusulinid tests in orderly rows,
but these currents did not prevent many fragile bi-
valves from being buried intact.

MALONE MOUNTAINS

The oldest or black limestone member of the Briggs
Formation was deposited as caleareous mud in marine
waters under conditions that permitted a benthonic
population of brachiopods and simple corals to flour-
ish. Calcium sulfate was subsequently precipitated
as anhydrite or gypsum because the salinity of the
waters was increased probably by evaporation after
the site of limestone deposition had been cut off from
free communication with the sea. This change did
not take place everywhere at the same time but appar-

ently progressed northward from the southern part
of the Malone Mountains, where the stratigraphic po-
sition of the black limestone member is occupied
mostly by gypsum.

The alternation of dolomite and limestone with
gypsum in the sequence above the black limestone
member suggests that salinity of the waters fluctuated ;
so, the less soluble carbonates were precipitated at
some times and the more soluble sulfates at others.
Deposition of the black and buff dolomite members
began with accumulation of clastic quartzose sediment
during an influx of replenishing waters, but little
detrital material was deposited in the upper parts of
these members.

The black dolomite member probably originated
mostly as a chemical precipitate, as it contains inter-
bedded gypsum and fossils are sparse. The filamen-
tous and spongy texture of parts of the dolomite may
be of algal origin, but no extensive algal deposits have
been recognized.

On the other hand, the pisolitic rocks of the buff
dolomite member are probably algal reefs. They not
only possess the spongy, filamentous, and pisolitic tex-
tures suggestive of algal growths but have the mound-
like form of reefs. Corals perhaps contributed to the
reef growth, but they are sparse, as are other marine
invertebrates.

If algal mounds and ridges were built during depo-
sition of the Briggs Formation, they may have been
the barriers that shut off parts of the Permian seas
and formed lagoons in which the gypsum was depos-
ited by evaporation. The visible parts of the sup-
posed reefs are high in the local stratigraphic section,
but only a small part of the whole complex is exposed.
This facies possibly extends down to the level of the
oldest evaporites in the Briggs Formation in border-
ing areas where the formation is covered by younger
rocks.

JURASSIC SYSTEM

MALONE FORMATION (RESTRICTED)
PREVIOUS USAGE AND DEFINITION

The name Malone has been variously used (fig. 9).
Taff (1891) first applied the name Malone Bed to
what is now called the Briggs Formation and, relying
on the meager paleontological evidence then available,
assigned the formation to the “Washita division” of
the Cretaceous. Cragin (1905) described a large
Jurassic fauna from strata overlying Taff’s Malone
Bed and used the name for all the rocks of the Malone
Mountains area; thus, he implied a Jurassic age for
all these beds. Baker (1927, p. 11), however, discov-
ered Permian fossils in what we now call the black
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limestone member of the Briggs Formation and there-
fore restricted the name Malone to the overlying beds
of Mesozoic age. Adkins (1932, p. 286-291) excluded
the upper several hundred feet of these beds because
they contain Early Cretaceous rather than Jurassic
fossils. Albritton (1938, p. 1758, 1764) also restricted
the name Malone to the beds of known Jurassic age.
The Malone Formation as thus defined is bounded
below by the unconformity at the top of the Briggs
Formation and above by a quartzitic sandstone and
siliceous conglomerate that is perhaps the most dis-
tinctive and conspicuous stratigraphic unit in the
Malone Mountains.

GENERAL FEATURES

The Malone Formation is a mixture of many dif-
ferent kinds of rock complexly interbedded. It is
broadly divisible into lower and upper members, the
lower being mostly sandy shale, siltstone, sandstone,
and conglomerate, and the upper, predominantly lime-
stone. At all localities the contact between them is
well marked and conformable; but this contact is
transitional, and because it transgresses time lines
irregularly, parts of the two members are of the same
age.

The Malone Formation thins southeastward along
the trend of the Malone Mountains. Tt is 850 to 1,000
feet thick in the northwestern part of the mountains
but no more than 390 feet thick at the southeast end;
three-quarters of a mile farther southeast, it is only
190 feet thick. At the observed rate of thinning, the
formation probably wedges out at some place along
the northwest front of the Quitman Mountains, al-
though it is not exposed there (Huffington, 1943,
p. 995).

The formation also thins and disappears north of
the Malone Mountains. In the Malone Hills, about
2 miles northeast of the Malone Mountains, the upper
member has been thinned by erosion, and only 210
feet of the formation is exposed. The Malone is ab-
sent from the Finlay Mountains, where Cretaceous
rocks lie on Permian rocks.

REFERENCE SECTION

The reference section of the Malone Formation is
designated herewith as sections 14 and 15 of Albritton
(1938, p. 1773-1801). As shown on plate 2, one of
these sections crosses the lower member; the other,
the upper. The two sections overlap and are here
combined as one. This section is more complete, is
better exposed, contains more fossils than most sec-
tions, and well displays the diverse lithology of the
lower member.

SecTioN 14.—Reference section of the Malone Formation (restricted)

[Combining sections 14 and 15 of Albritton (1938, p. 1787-1790) with minor modifica-
tions. At hill 4494, 234 miles northwest of Hilltop Cafe, and the ridge slope on the
northeast side of hill 5016, 234 miles north-northwest of Hilltop Cafe; traverse 14
shown on pl. 1. Fossil identifications by C. C. Albritton, Jr.}

Thickness

Lower Cretaceous(?)—Torcer Formation: (feet)
69. Sandstone, rusty, quartzitic, and chert pebble
conglomerate; top not exposed ... _________ 23
68. Sandstone, gray, shaly; contains lenses of well-
rounded chert pebbles_ - ________________ 14
67. Sandstone, gray, calcareous; contains Ezogyra
aff. E. polosinag and fragments of ammonites._ 5

66. Sandstone, buff- to brown-weathering, quartz-
itic; contains interbeds of more calcareous,
less indurated sandstone in beds as much as
2.5 ft thick; contains Saccammina cf.
sphaerica, Lagena? sp., Gumbelina pauci-
siriata and Anomalina torcerensis_ . - _____. 17
65. Limestone, black to gray, arenaceous, grading
upward into calcareous sandstone; contains

Ezogyra sp. and Pleuromya sp_ - ________ 3
Total exposed thickness_ . .__.________ 62

Upper Jurassic—Malone Formation, upper member:

64. Limestone, gray to black, gray-weathering;
generally arenaceous, particularly at base
where rock grades imperceptibly into cal-
careous sandstone; beds are 6 in. to 5 ft

327

Upper Jurassic—Malone Formation, lower member:
63. Sandstone, gray, brown-weathering, ferru-
ginous and caleareous, in beds as much as a
foot thick, containing scattered pebbles and
lentils of chert pebble conglomerate; locally
crossbedded - ___ e ..- 12-15
62. Sandstone, thin-bedded, gray, brown-weath-
ering; contains interbedded black, arena-
ceous limestone_ . - oo 31
61. Limestone, black, gray- and brown-weather-
ing, arenaceoUS . - - - - v oo e ccccccm e e
60. Shale, gray, brown-weathering, sandy__._.... 4
59. Limestone, black, gray- and brown-weather-
ing, arenaceous . o ccaccoccocccoomaam
58. Shale, gray, brown-weathering, sandy...- .- 27
57. Limestone, black, arenaceous; contains Serpula
sp., Gryphaea mezicana, Nerinea goodellii,
Pholadomya sp., Lithacoceras? malonianum,
and echinoid fragments_ - - o _coeo-.- 8
56. Sandstone, gray, calcareous, weakly indurated.- 21
55. Sandstone, gray, caleareous, and arenaceous
limestone, contains abundant Gryphaea mexi-

CONGav e oo e 1
54. Sand, gray, caleareous. - - ..o .ccoeeccecooaa- 2
53. Limestone, black, coquinoid, arenaceous; con-

tains abundant Gryphaea merican@.. - - - 4
52. Sand, dark-gray- to tan-weathering._...___.._- 26
51. Sandstone, gray, brown-weathering, calcareous. 0.5
50. Sand, dark-gray- to tan-weathering.. .- - 2
49. Sandstone, gray, brown-weathering, calcareous. 0.5
48. Sand, dark-gray- to tan-weathering ... .-..--- 1

47. Sandstone, gray, calcareous, weakly indurated,
weathering brown_ - . . - cccaamaaaaan 1
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SecTioN 14.—Reference section of the Malone Formation
(restricted)—Continued.

Upper Jurassic—Malone Formation, lower member— rhickness
Continued (feet)

46. Sand, dark-gray- to tan-weathering._________ 4.5
45. Sandstone, weakly indurated, brown-weather-
ing, calecareous. .. _____.____.o___..__ 1
44, Sand, gray- to tan-weathering_______________ 13
43. Sandstone, weakly indurated, gray, brown-
weathering, calcareous; contains Lucine

potosina, Entolium sp., and ammonite frag-

42, Sand, buff_______ . ____. 13
41. Limestone, black, arenaceous; contains Neri-
nella stantoni (unusually abundant), Gryph-
aea mexicana, Lima riograndensis, Haplo-
ceras cragini, Idoceras schucherti, I. clarkz,
Lithacoceras? malonianum, Physodoceras
smithi, P. booni, Aspidoceras laevigatum,
Nebrodites nodosocostatus, and Serpula sp__ 14
40. Sandstone, thin-bedded, buff, interbedded with
arenaceous limestone and calcareous sand-
stone containing Gryphaea mezicana, Pinna
quadrifrons, and Entolium sp.—_ . _________ 27
39. Limestone, pebbly, black, arenaceous; con-
tains abundant Gryphaea mezxicana and am-
monite fragments_ . ___ .. ____________ 2.5
Sandstone, weakly indurated, buff- and brown-
weathering, shaly; locally well cemented
where more calcareous_ . _______________.__ 21
37. Conglomerate of limestone pebbles and cobbles,
tan-weathering; contains sandy matrix;

38.

grades eastward into calcareous sandstone..  0-6
36. Shale and limestone in alternating beds, sandy,

gray-weathering, thin-bedded throughout... 20
35. Sandstone, gypsiferous, tan and light-gray and

interbedded reworked granular gypsum._.__._ 57
34. Conglomerate of limestone pebbles and cobbles

grading westward into gypsum and sand-

stone._ - .. oo 0-3.5
33. Sandstone, gypsiferous, interbedded with re-

worked granular gypsum___ .. ____._____ 32
32. Sandstone, gray, calcareous, and granule con-

glomerate; contains lentils of coarser con-

glomerate having pebbles as much as 3 in. in

diameter. L ______ 3.5
31. Conglomerate of limestone pebbles__________ 4
30. Sandstone, hard, gray, calcareous; contains

abundant shell fragments; divided by bed of

gray shaly sand about 1.5 ft thiek___________ 7
29. Unexposed - oo ool 3
28. Sandstone, gray, calcareous; contains shell

fragments._ . ___ ___________________________ 2
27. Sand, gray, fine-grained.._ .. .o ________ 10
26. Sandstone, gray, calcareous, and arenaceous

limestone ... .. 2.5
25. Shale, powdery, sandy, weathering buff_ _______ 7

24. Conglomerate of limestone pebbles and cobbles. 2.5
23. Sandstone, gray, calcareous, grading westward
into limestone pebble and cobble conglomer-

22. Shale, buff- and purple-weathering, arenaceous;
shaly sand and interbedded gray calcareous

761-386 0—85——3

27

SectioN 14.—Reference section of the Malone Formation
(restricted )—Continued.

Upper Jurassic—Malone Formation, lower member— phickness
Continued (Feet)

21., Conglomerate of limestone pebbles, gray-
weathering, grading upward into gray, calcare-
ous and arenaceous limestone; contains abun-

dant Astrocoenia and Serpula spp.....-._____ 3.5
20. Sandstone, lamellar, gray, calcareous, weather-
ingbrown________________________________ 4
19. Shale, sandy, powdery, buff and purple..._.._.. 12
18. Sandstone, thin-bedded, gray, calcareous, inter-
bedded purple sandy shale_________________. 14
17. Shale, buff and purple, sandy.__.___._______.__ 9
16. Limestone, dense, black, sandy________________ 1
15. Shale, sandy, buff- and purple-weathering.____. 6
14. Limestone, sandy, dense, black_____________.__ 1
13. Shale, sandy, buff- and purple-weathering.__.__. 8.5
12. Limestone, laminated, gray, arenaceous; and
calcareous sandstone__________________.____ 2
11. Shale, powdery, gray, buff to purple-weathering;
poorly exposed_ - - ... 34
10. Limestone, black, arenaceous; contains large
Lucina and fragments of petrified wood . __._. 1-3
9. Shale, sandy, powdery, purple-weathering;
poorly exposed.___ ... 4
8. Limestone, black, arenaceous_ __ .. ____.___... 1
7. Sandstone, gray, calcareous; weathers brown._.. 2
6. Shale, powdery, gypsiferous, sandy, weathers
purple e 9
5. Sandstone, gray, calcareous; weathers brown_... 2
4. Sandstone, buff-weathering; poorly exposed.._.. 27
3. Gravel, limestone granule __ - __ ___________.__.. 2
2. Unexposed . _ - e 10
Total thickness of lower member of Malone
Formation ... ____. 561

Unconformity.
Permian—Briggs Formation:
1. Dolomite, dark-gray, pisolitic; obscurely bedded
to massive.

LOWER MEMBER

The stratigraphic diagram on figure 21 shows the
variety and complex pattern of the different sedimen-
tary facies in the lower member; the diagram is gen-
eralized, and in places the true complexity is greater
than shown. Although the member is a mixture of
many kinds of rock in interfingering bodies, it shows
the following general features:

1. The rocks are predominantly clastic. Quartz sand
and silt are scattered through the limestones, shales,
and limestone conglomerates and also form beds of
sandstone and siltstone.

2. The rocks are calcareous. Calcite is the commonest
cement of the sandstones and siltstones and is pres-
ent in most of the shales also.

3. The rocks are thin bedded and are in thin lithic
units. More than half of the 570 lithic units listed
in the detailed sections of Albritton (1938, p. 1778-
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Frcure 21.—Stratigraphic diagram of Malone Formation, southeast end of Malone Hills.
(Based largely on stratigraphic sections 23, 24, and 25 of Albritton, 1938,

interfingering relations between lower and upper members.
p. 1797-1801.)

1801) are 5 feet thick or less, and more than three-
fourths are 10 feet or less.

4. Changes of facies are common in single beds. With-
in a few score feet, conglomerate may grade into
sandstone or pebbly limestone, and siltstone into
silty shale. Limestone beds can be traced for
greater distances than the other kinds of rock.

5. The limestones and some of the more calcareous
sandstones contain abundant and varied fossils, and
many other beds are sparsely fossiliferous.

In most places from a fifth to a half of the lower
member consists of sandstone. The sandstone is gray
or brown, finely laminated or cross laminated, and
ranges from very fine grained to very coarse grained,
the fine grading into siltstone and the coarse into con-
glomerate. Variation in texture is the rule, so that
most individual beds of sandstone ordinarily lose their
identity within a few hundred yards along the strike.
In thin section the quartz grains are mostly angular

EXPLANATION

Limestone
conglomerate

Interbedded sandy
limestone and sandy shale

Shows diverse lithology of lower member and

to subrounded. Even the very fine grained sandstone
contains grains of limestone or chert, which are mostly
about the same size as the quartz, but generally
rounder; they are nearly as abundant as the quartz
in the coarser sandstones. The cementing material is
calcite, which appears in thin secticn as microcrystal-
line mosaics. In places, calcite crystals entirely fill
the spaces between the grains and make a firmly in-
durated rock. In other places, calcite crystals only
partly fill the voids, and although many of the quartz
grains then have secondary overgrowths, the rock is
weakly indurated.

By decrease in grain size the sandstones pass into
siltstones and, with addition of clay, into sandy and
silty shale. These fine-grained rocks are pinkish and
reddish brown to very dark gray. They account for
about half the section at the northwest end of the
Malone Mountains near Gypsum switch but decrease
toward the southeast and make up only about 5 per-
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formation. Elsewhere, brachiopods are scarce in the
Malone Formation.

GASTROPODS

Cragin (1905, p. 88-100) described 18 species of
gastropods from the Malone Formation, of which 7
were based on single specimens. They include the
low-spired Nerita nodilirata Cragin and Natica wil-
liamsi Cragin, which is most abundant, and the high-
spired Pseudomelania goodellii Cragin. Very long
and thin nerineids are also common at some horizons,
though mostly as fragments.

Gastropods occur in the same beds with pelecypods
and other marine invertebrates. In the Malone Moun-
tains they are most abundant at horizons between 350
and 700 feet below the top of the formation, where
they are associated with the tube-building worm. Ser-
pula, the sedentary pelecypod Gryphaea, or both,
though not to the exclusion of other kinds of fossils.

CEPHALOPODS

Cragin (1905, p. 100-101) described two nautiloids:
Nowtilus burkarti Castillo and Aguilera and N. nau-
fragus Cragin, both from the lower member of the
Malone Formation. Neither is abundant.

Ammonites are more abundant and varied. Albrit-
ton (1937b) identified 12 species, all but two of which
are in the lower member. Sculptured shells include
Nebrodites mnodosocostatus Burckhardt, XKossmatia
zacatecana Burckhardt, K. aguilerae (Cragin), Litha-
coceras? shuleri Albritton? L.? malonianum (Cragin),
Aspidoceras cf. lacvigatum Burckhardt, Physodoceras
booni Albritton, P. baker: Albritton, and P. smithi
Albritton. Haploceras cragini Albritton, Idoceras
schucherti (Cragin) and I. clarki (Cragin) are com-
pressed shells that have little or no ornamentation on
the mature portions.

In the Malone Mountains along the line of section
shown in plate 2, /doceras and Haploceras dominate
in the lower member between 460 and 670 feet below
the top of the formation. A few sculptured shell
species also occur in this zone, but no ammonites of
any kind were found beneath it. Above this zone all
ammonites found were of the sculptured kind. In the
Malone Hills we found only Haploceras and Idoceras,
but Cragin previously reported Lithacoceras? malo-
nianum and Physodoceras smithi from this locality.

PELECYPODS

About 60 species or varieties of pelecypods are re-
ported from the Malone Formation (Albritton, 1938,

3 Arkell (1956, p. 567) stated that Lithacoceras? malonianum should
perhaps be assigned to Progeronia and that L.? shuleri is possibly a de-
formed Katroliceras or Subdichotomoceras.

33

p. 1761-1762; Stoyanow, 1949, p. 70-77) ; about half
of these occur in both members of the formation and
half occur only in the lower member; only one—
Exogyra potosina. Castillo and Aguilera—is restricted
to the upper member.

Table 7 shows the stratigraphic occurrence and geo-
graphic distribution of the pelecypods, based on data
from Cragin (1905), Albritton (1988, p. 1773-1801),
and our field observations.

Many of the pelecypod species are rare, as demon-
strated by the fact that few specimens have been found
over a span of several decades, although a number of

TABLE 7.—Stratigraphic occurrence and geographic distribution of
pelecypods in Malone Formation in Malone Mountains

Upper
member

Lower
member

Superfamily Species

Local-
ities

Units | Local-
ities

Units

Nuculacea______ Nuculana? la Cragin.
Cucullaea? texticostata Cragin..___.
transpecosensis Cragin_________
ca{orcemis Castillo and Agui-
era.
castilloi Cragin_.._....__._._..
Arce taffii Cragin___.
Arca? dumbli Cragin_....
Pinna quadrifrons Cragin___
Gervillia corrugate Cragin_
cinderella Cragin_____
Gervillia? riograndensis Cr:
Gryphaea mezicang Felix._.. -
Ezogyra subplicifera Felix...c._.._.
potesina Castillo and Aguilera.
Trigonia vyschetzkii Cragin 1_______
goodellii Cragin__._____________
calderoni Castillo and Agui-
lere;.b Cragi
proscabra Cragin_ . _..._____._.
praestriata Cragin
munite Cragin__.__.
rudicostata Cragin.__.__
conferticostata Cragin_....____.
Pecten (Camptonectes) insubus

agin.
(Entolium) Sp.....-

Plicatula sportella Cragi

Lima interlineata Cragin_ ..

riogrand. Cragin
Mytilus nuntius Cragin__.__..____
Volsella i (Cragin)
geniculata (Cragin)_.._________
Pleuromya inc ns Castillo and
Aguilera.
inconstans var. curts Cragin.__
Pholadomya tosta (Cragin)
marcoui Cragin
paucicosta Roemer? ._______.__
praeposita Cragin
Thracia? maloniene Cragin._.._.___
Anating obliguiplicata Cragin
Anatina? pliculifera Cragin_.______
Artica cogeroi (Castillo and
Aguilera).
Artica? streeruwitzii (Cragin)._.._.
Astarte breviacola Cragin._...._...___
malonensis Cragin....
posticalva Cragin_._.__._
Astrate? isodontoides Cragin_
craticula Cragin__.__.___
Lucina potosina Castillo and
guilera. .
potosina var. metrice Cragin. __
aniuscule Cragin.._.........
Lucina? emarginata Cragin.._.....
Unicardium? semirotundum Cragin.
transversym Cragin...
Tapes? cuneovatus Cragin_
Ptychomya stantoni Cragin__
Corbula? maloniane Cragin._____._
Martesia malonienae Cragin._______
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1 Stoyanow (1949, p. 70-77) has emended this species and reassigned part of the type
material to Trigonia maloneana Stoyanow, T. maloneans Stoyanow var., T. sp. and
T. dumblei Stoyanow. Presumably all these are restricted to the lower member
of the Malone Formation.
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people have searched with considerable care in a small
area where exposures are good. Of the species de-
scribed by Cragin, 13 were based on single specimens,
and roughly 45 percent of the total were based on five
or fewer specimens, from one or two stratigraphic
units, in one or two localities. Only 12 of the total
number occur in as many as 5 different localities. The
only pelecypods that are fairly common are Gryphaea.
Pleuromya, Pinna, Astarte, Lucina, Trigonia, and
Pecten.

Gryphaea forms whole beds of shelly limestone and
also occurs individually associated with a wide variety
of other mollusks. The thick shells of these sedentary
oysters remain well preserved, the valves being articu-
lated; but generally, because the fossils are tightly
cemented together, good specimens are difficult to
obtain.

Pleuromya inconstans Castillo and Aguilera occurs
as perfectly preserved individuals with the valves
articulated and closed. The thin calcitic shell is pre-
served on most embedded specimens but breaks away
easily on weathering, leaving internal molds. It was
probably a burrowing clam, and its good preservation
suggests that many individuals died while embedded
in sediment. The same may have been true of Pinna
quadrifrons Cragin, which also is well preserved; its
elongate pyramidal shells can be broken from the
rock without destroying the shelly material.

Astarte is well represented by number of individuals
of each species and by kinds of species. Astarte malo-
nensis Cragin, the largest and most common, occurs
both as single valves and as whole shells, some of
which were buried with valves closed, others opened
wide. A few are preserved in position of life, with
hinges upward, but most lie with the plane of sym-
metry in the plane of the bedding. The same is true
also of the flat lenticular shells of Lucina commonly
found with them.

Large shells of T'rigonia vyschetzkii Cragin are also
fairly abundant, generally preserved with the valves
together. The shells are thick but break away readily
from internal molds and are difficult to get out of the
rock.

Scallops are present in considerable variety and
number, the most abundant being an Entolium, not
described by Cragin, whose single valves about an
inch long are common in septarian limestone near the
base of the formation in the Malone Mountains.

WORMS

The polychaete worm Serpula, of which two varie-
ties and a possible third were distinguished by Cragin
(1905, p. 37, pl. 2), is associated throughout the lower

member with a wide variety of other fossils. It forms
hollow calcareous tubes 1 to 8 mm in diameter in lime-
stone and in places occurs in sandy rock, mostly as
bundles of subparallel individuals. Some single tubes
are wound in irregular spirals. The aggregates are
several inches across and have irregular gross shapes
and jagged edges, suggesting that these are fragments
of larger masses.

Cylindrical elongate casts also believed to be of
worms occur in some beds of sandy shale and sand-
stone in the lower member, especially near the base
in the Malone Mountains. Commonly they occur to
the exclusion of other types of fossils and make intri-
cate patterns on the bedding surfaces.

ECHINOIDS

Cragin (1905, p. 16-18) found no echinoids in the
Malone Hills but described fragments collected by
Stanton from the Malone Mountains; these he referred
to Holectypus? and Pygurus. Specimens collected by
us also are from the Malone Mountains and are frag-
mentary and add nothing of taxonomic significance.
All came from the lower member of the Malone For-
mation, mostly from between 400 and 450 feet below
the top. Stanton’s specimens came from unit 5 of
his stratigraphic section, 435 feet below the top.-

VERTEBRATES

Cycloid fish scales, one tooth, and several fragmen-
tary bones, probably of marine reptiles, were described
by Cragin (1905, p. 109) from our lower member in
the Malone Hills. Large bone fragments have also
been observed in the lower member south of Gypsum
switch at an horizon approximately 70 feet above the
base of the formation (Albritton, 1938, p. 1775).

PLANTS

Silicified branches and logs are scattered sparsely
through the lower member and are most abundant in
the basal 200 feet. Larger fragments lie parallel with
the bedding and represent driftwood that became
waterlogged, sank to the bottom, and was covered with
sediment, later to be replaced with silica. The largest
specimen is 15 feet long and 2 feet thick and is em-
bedded in conglomerate in section 12 (pl. 2). Many
of the logs are perforated by the clam, Martesia
maloniana Cragin, whose shells occur inside some of
these borings (Cragin, 1905, p. 87).

AGE AND CORRELATION

The ammonites in the Malone Formation indicate
that it is of Late Jurassic age. The Kimmeridgian
Stage is represented by beds in the lower member that
contain Idoceras, and the Portlandian Stage—or
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Tithonian, if the Portlandian is not valid beyond the
limits of northwestern Europe (Arkell, 1956, p. 8)—
by beds in the upper member that contain Kossmatia.
The zones of these two ammonites are indicated on
the stratigraphic diagram (fig. 21), but, owing to the
sporadic distribution of these fossils, the zonal bound-
aries must be regarded as tentative.

Figure 26 summarizes available information on dis-
tribution of ammonite species in the Malone Forma-
tion of the Malone Mountains. It shows that no am-
monites have been found either at the very top, at
the bottom, or throughout the greater part of the
upper half. Future collections may establish other
zones in the Kimmeridgian and perhaps even extend
the stratigraphic range downward into the Oxfordian
or upward into the Portlandian.

Only three of the ammonite species are identical
with those in the Mexican Jurassic, although many
genera are common to both areas. As table 8 shows,
these fall within two of the eight parts into which
the Jurassic of Mexico has been divided (Imlay, 1939,
tables 3-10).

The Late Jurassic age of the Malone Formation was
first determined by Cragin (1905, p. 20-21) and was
confirmed by Uhlig (1907) in his review of Cragin’s

FEET Top of Malone Formation
o] No ammonites found

L\Kossmatia aguilerai (Cragin), K. zacatecana Burckhardzj

100 —

200 —

No ammonites found

300 —

400 —
Lithacoceras malonianum (Cragin)

500
Haploceras cragini Albntton P. booni Albritton, Aspidaceras
laevigatum Burckhardt , Nebrodites
nodocostatus Burckhardt

Lithacoceras malonianum (Cragin) {Physodotems smithi Aloritton,

600 — Idoceras schucherti (Cragin)

Iduceras clarki
(Cragin)

{Physodoceras bakeri Albritton

No ammonites found J
——————————————————— — UNCONFORMITY = — — ==~ — = ———— ——————— ——

Briggs Formation

Fi1GURE 26.—Distribution of ammonite species in Malone Formation
in Malone Mountains. Near the southeast end of the Malone
Mountains, Aspidoceras laevigatum occurs about 50 feet above
the base of the Malone Formation and is below the horizon at
which Physodoceras bakeri was found in that area. Here the
latter species occurs about 75 feet above the base of the forma-
tion and is associated with Haploceras cragini. These horizons
could not, however, be determined with respect to the top of the

formation.
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bulletin. Neither indicated an age earlier than upper
Portlandian, but Burckhardt (1912, p. 218; 1930,
p. 82-83) pointed out that /doceras indicated the pres-
ence of the Kimmeridgian Stage as well. L. F. Spath
(in Kitchin, 1926, p. 457-458) cited the species of
Idoceras as indicative of the middle Kimmeridgian,
the species of Haploceras, Lithacoceras, and Aspido-
ceras as middle or upper Kimmeridgian, and the Koss-
matia as possibly upper Portlandian. Imlay (1940a,
p. 120) correlated the Malone Formation with the La
Casita Formation (Kimmeridgian and Portlandian)
of the Saltillo-Torreon area in Mexico.

Assignment of the Malone Formation to the Late
Jurassic is strengthened by the occurrence of many
of the Malone pelecypods in Upper Jurassic rocks of
Mexico (Imlay, 1940b). These include Cragin’s 7'7é-
gonia munita, T. vyschetekii, T'. afl. proscabra, Pinna
quadrifrons? and Astarte malonensis, as well as Phola-
domya paucicosta? Roemer. Other pelecypods known
from various localities in the Mexican Jurassic and
also found in the Malone Formation are Trigonia
ecalderoni (Castillo and Aguilera), Cucwllaca catorcen-
sis Castillo and Aguilera, Gryphaea sp. cf. G. mexi-
cana. Felix, Exogyra sp. cf. E. potosina Castillo and
Aguilera, Artica coteroi (Castillo and Aguilera),
Lucina potosina Castillo and Aguilera, and Pleuro-
mya? inconstans Castillo and Aguilera.

The Late Jurassic age of the Malone Formation, as
we have restricted it, now seems fairly well estab-
lished, but there was a time when many geologists
believed that the fauna described by Cragin was
partly of Early Cretaceous age. There has never been
any doubt that the ammonites were Jurassic, but a
considerable issue has been raised regarding the age
of the pelecypods, including several of the species just
listed. The history of this problem is briefly reviewed
in the following section.

THE MALORE CONTROVERSY

Burckhardt (1912) noted that faunas of two differ-
ent ages might have been mixed in the collection de-
scribed by Cragin. According to Burckhardt, the
ammonites from the Malone Mountains and Malone
Hills area are definitely Jurassic, but 7rigonia vys-
chetzkiz Cragin and Ptychomya suggest an Early
Cretaceous age.

Kitchin (1926), elaborating on this suggestion, ac-
cepted the Jurassic age of the ammonites, largely on
the authority of Uhlig (1907) and Spath (in Kitchin,
1926, p. 457-458), but maintained that many of the
pelecypods—notably the Trigoniae—were Cretaceous.
Uhlig had suggested that pelecypods of Early Creta-
ceous aspect might have originated during the Late
Jurassic, but Kitchin asserted the clams in question
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TABLE 8.—Ammonites reported from northern and eastern Mexico and from Malone Mountains

Ammonites reported from northern and eastern Mexico and from Malone Mountains
Stage Subdivisions (after L. F. Spath, 1933; see Imlay, 1939, table 10)
Genera Species
Tithonian | Substeuroceras and None None.
Proniceras beds
Portlandian | Durangites and Kossmatia K. zacatecana
Kossmatia beds Burckhardt.
Torquatisphinctes Physodoceras
Upper and Aspidoceras None.
Mazapilites beds Haploceras
a Waagenia beds Physodoceras None.
]
:@ % Glochiceras gr. Haploceras Aspidoceras
& ] of fialar {Oppel) Aspidoceras laevigatum
e = 2 and Idoceras gr. Nebrodites Burckhardt;
g @ of durangense Idoceras Nebrodites
& e 'S Burckhardt nodosocostatus
M : 8 Burck.
O g
3 S | Idoceras Aspidoceras
1 ~ gr. of Idoceras None.
balderus Nebrodites
(Oppel)
Aspidoceras None.
.g Upper Lithacoceras
]
S | Mid- None None.
g dle

were too specialized to have survived any long span
of time.

In 1930, Burckhardt listed the pelecypods of the
Malone fauna that indicated an Early Cretaceous age,
and in 1932, Adkins (1982, p. 255-256), following
Kitchin, revised the stratigraphy to separate the
Jurassic from the Cretaceous fossils. Stoyanow (1936)
reported the presence of the Malone fauna at the base
of the rocks of Comanche age in Arizona. That same
year, Kellum (1936, p. 1063-1069) reported the Malone
bivalve fauna from rocks of supposed Early Creta-
ceous age in the Torreon area, Mexico.

After studying the Malone Mountains and Malone
Hills, we found the situation to be as Cragin and
Stanton had originally claimed ; at a number of locali-
ties the same pelecypods that Kitchin had cited as
evidence of Early Cretaceous age were found in the
same layers with ammonites everyone had agreed were
Jurassic. With the possible exception of Ewogyra
potosina Castillo and Aguilera, all the disputed pele-
cypods occur either in the same zone with or in beds
stratigraphically below Kossmatia aguilerae (Cragin).

After studies of the Early Cretaceous fauna of
northern Mexico, Imlay (1940a, p. 135) stated:

Concerning the controversy about the age of the pelecypods
of the Malone formation of Texas * * * the writer can state

that the known Neocomian faunas of Mexico are definitely dis-
tinct from the Malone fauna, whereas the Upper Jurassic faunas

of Mexico contain many species which are identical with species
in the Malone fauna.

Stoyanow’s subsequent studies of the Lower Creta-
ceous in Arizona and of the problems related to the
age of the Malone fauna have brought him to accept
the Jurassic age of the Trigoniae and other pelecypods
described by Cragin. Stoyanow (1949, p. 4445, 48)
has analyzed the Malone controversy at length, con-
cluding that:

Kitchin’s error perhaps was not in the evaluation of the
ontogenetic and phylogenetic development of the southern Cre-
taceous Trigoniae, which in the main is well worked out, con-
sidering the available paleontological material and geological
information, and is even now a solid foundation for any further
research in this line, but in the misinterpretation of stable and
variable characters in their relation to the scale of time. The
features that were supposed to indicate a rapid and geologically
short specialization * * * appear to have been introduced earlier
and remained, with slight variations, through the Lower Cre-
taceous.

* * * * *

the presence of Trigoniae with such strong Cretaceous affini-
ties in the strata of Malone age is quite unique. It does not
imply a later age than Jurassic for the strata in which these
Trigoniae occur in a close association with the Malone ammo-
nites, but it certainly foreshortens the perspective of the time
span which separates these strata from the Cretaceous and
through which the development of the Trigoniae of the estab-
lished types continued uninterruptedly.

The Malone controversy defined in terms of the
issue raised by Kitchin, then, has been settled.
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Mexico

Gulf o

FiGURE 27.—Mexico and part of the United States and approximate position of the Mexican sea during Late Jurassic time.
Dashed lines show areas where position of shore is least certain.

of shore stippled.
8, Saltillo; Mo, Monterrey ; and D, Del Rio.

Further regarding the age of the beds, the question
has been raised that fossil evidence for Lower Creta-
ceous rocks in the Malone Mountains area is inade-
quate and that until “undoubted Lower Cretaceous
fossils are found in the Malone Mountains, it does not
seem necessary to modify the concept of the Malone
formation” (Imlay, 1948b, p. 1485). This matter re-
garding Early Cretaceous fossils is discussed further
in the section on the Torcer Formation (p. 41-42).

CONDITIONS OF DEPOSITION

At the end of the Paleozoic Era, the Sierra Blanca
area was presumably land, which persisted through
Triassic and most of Jurassic time. Mexico to the
south, however, became increasingly inundated (fig.
27). During Late Jurassic time, the Mexican seaways
extended northward slightly beyond the present site
of the Malone Mountains, as attested by the sedimen-
tary rocks of the Malone Formation containing stony

Seaward side
M, Malone Mountains; ¥, El Paso; 7T, Torreon;

(After Humphrey, 1956, p. 31, and Imlay, 1943b, p. 1509.)

corals, ammonites, and other marine invertebrates.
The original position of these rocks was southwest of
the present Malone Mountains; the rocks have been
transported northeastward at least several miles by
thrust faulting.

Wherever the site of deposition may have been, land
was nearby, for silicified branches and trunks of trees
are mingled with the marine invertebrates, especially
in the lower beds. The surface on which the Upper
Jurassic rocks were deposited was irregular and prob-
ably had several hundred feet of relief. As shown
in plate 2, the Malone Formation thins eastward
against the flank of an anticlinal mountain of dolo-
mite of Permian age and thickens over a valley that
was cut in softer gypsiferous beds. This mountain
was at least 800 feet high—as high as any in the
present Malone Mountains. One can imagine that, as
the sea advanced, this mountain and similar promi-
nences first became islands and then submerged banks.
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The main shoreline of the seaway was likely diversi-
fied by inlets along drowned streams and by head-
lands. The contrasts in terrain were probably re-
flected in the sediment; steep headlands might shed
gravels and coarse sand into the water, while nearby
estuaries were receiving finer mud.

The new seaway was colonized by worms that built
tubes or burrowed in the mud, small clams such as
Lucina and Gryphaea, and the little Martesia that
bored into the driftwood. These were followed by
various pelecypods and marine snails and also by
many cephalopods.

During deposition of the lower part of the Malone
Formation, the gypsum of the Briggs Formation
must have been at the surface along the shore, and
some of this may have been reworked into the Jurassic
deposits. The gypsum of the Briggs Formation is
probably a chemical precipitate, but field relations
suggest that the gypsiferous beds in the Malone are
largely detrital. The gypsum in the Malone is im-
pure, forms thinly bedded rather than massive de-
posits, and is associated with detrital quartzose rocks
rather than with carbonate rocks. Transportation and
accumulation of detrital gypsum may have been simi-
lar to that occurring now near rock gypsum of the
Briggs Formation near Gypsum switch, where crusts,
crumbs, and individual crystals of gypsum are moved
as fragments and mixed with sand along Arroyo Bal-
luco (p. 115-116). Lithification of some of these ag-
gregates would make rock much like the gypsiferous
sandstones of the Malone Formation.

The clastic sediments of the lower part of the
Malone are poorly sorted; the finer beds commonly
contain pebbles and the coarser ones contain silt in
their matrices. The sediments must not have been
worked over much by currents after they were depos-
ited but were buried fairly rapidly, entombing seden-
tary benthonic animals in the process. Corals, tube-
building worms, and oysters were abundant on the
bottom, but the continued influx of sediments seems
to have prevented their forming colonies.

After initial irregularities of the sea floor were lev-
eled by fill, new sediment was not added rapidly
enough to prevent algae from building coalescing bio-
stromal masses. By the extraction of carbon dioxide
from the sea water, these plants caused the precipita-
tion of calcium carbonate and the building of lime-
stone masses. In time, the algae spread over wide
areas in environments not favorable to other kinds
of bottom-living organisms; marginal to these algal
gardens were sandy or gravelly bottoms, on which
scallops as well as the thick-shelled oysters Ezogyra
and Astarte flourished.

The waters in which the Malone sediments were
deposited were relatively shallow. None of the beds
contains mud cracks, but within the zone of Idoceras,
the lowest in the Malone Formation, the ammonites
are predominantly compressed and smooth, whereas
above this zone in both the lower and the upper mem-
ber, they are sculptured. According to Scott (1940),
ammonites with compressed shells lived in water be-
tween 5 and 20 fathoms deep, and those with sculp-
tured shells between 20 and 100 fathoms. The abun-
dant algal limestone in the upper member suggests
sunlit bottoms less than a hundred fathoms below the
surface.

CRETACEOUS SYSTEM
LOWER CRETACEOUS(?) SERIES
TORCER FORMATION

DEFINITION

The Torcer Formation was named by Adkins (1932,
p. 287) for exposures near Torcer station on the South-
ern Pacific Lines. It is 400 feet thick and consists
largely of limestone, except for a persistent layer of
brown quartzite and siliceous conglomerate, about 40
feet thick, at the base.

The formation rests conformably on the Malone
Formation. The contact is gradational, calcareous
sandstone of the older formation blending with the
lower siliceous layers of the younger through an in-
terval of 2 to 10 feet.

The quartzitic unit is the most distinctive and con-
spicuous in the Malone Mountains, and, depending on
the structure, forms the caps of mesas, a line of cliffs,
or serrate hogbacks (fig. 28). Taff (1891, p. 722
723) apparently included this unit at two different
horizons in his stratigraphic section, as his unit 10
and also as units 12 and 13; the upper part of his
section is thus about twice too thick. Stanton (1905,
p- 25-26) placed the quartzitic beds in proper sequence
near the top of his section in the Malone Mountains.
Near Gypsum switch, Baker (1927, p. 15) collected
an ammonite, “Astieria,” which he considered to be
indicative of Early Cretaceous age. Adkins (1932,
p. 286-291) accepted this fact as confirmation of
Kitchin’s views on the age of the Malone pelecypods,
applied the name Torcer to “the Cretaceous portion
of Cragin’s ‘Malone formation’” and to the quartzitic
and younger beds in the Malone Mountains, but re-
ferred to Taff’s early and incorrect stratigraphic sec-
tion. Albritton (1938, p. 1764-1766) amended this
definition by stating that unit 11 of the section used
by Adkins includes all the upper member of the
Malone (restricted) and part of the lower.
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arm of the Mexican embayment. Under such condi-
tions growth of deltas and bars might have impounded
bodies of brackish water in which the calcareous muds
of the upper part of the Torcer accumulated.

LOWER CRETACEOUS SERIES
ETHOLEN CONGLOMERATE
DEFINITION

Taff (1891, p. 724) applied the name Etholen Bed
to rocks exposed on and near Etholen Knobs between
the Quitman Mountains and Sierra Blanca Peak, but he
also used the name for beds elsewhere in the region
that are now known to be of different ages. These beds
include parts of the present Yucca Formation, Malone
Formation, and Leonard Series. Baker (1927, p. 15-18)
attached conglomerate to the name, but he also included
units in the formation that probably are parts of other
formations. The Etholen Conglomerate as we define
it in the Sierra Blanca area is restricted to include only
chiefly conglomerate beds near the Etholen Knobs and
Etholen Hill. Here the following reference section is
exposed.

SECTION 16.— Reference section of Etholen Conglomerate
[West Etholen Knob; traverse 16 shown on pl. 1]
Top eroded.
Lower Cretaceous—Etholen Conglomerate:

3. Conglomerate, gray; beds 6 in. to 12 ft thick,
bedding obscure to well defined; fragments range
from pebbles to boulders—the largest are 134 ft
long, but most are 1 to 4 in.; fragments of all
sizes of gray, brown, buff, and tan massive or
laminated limestones; some chert pebbles; a few
interbedded gray limestone lentils 6 in. to 134
ft thickand 2to6ftlong. .. ________.__.

2. Conglomerate, gray; beds 6 in. to 12 ft thick; frag-
ments range from pebbles to boulders, most of
which are 14 to 234 in. in diameter; fragments
are more rounded than in overlying unit and are
chiefly gray, brown, buff, and tan limestone,
containing some pink and red limestone and
some chert_ - . ...

1. Conglomerate, gray; obscure beds 6 in. to 12 ft
thick; most of fragments 114 to 3 in. in diameter,
but many limestone boulders 6 to 12 ft in
diameter and a few angular limestone blocks 15
ft long; larger boulders chiefly in lower part. A
limestone bed near base contains Haplostiche
tezana (Conrad) (identified by S. K. Fox); this
bed is probably in place, but might be a large
transported block. Base along Devil Ridge
thrust; base of section not exposed. . . _.______

Thickness
(feet)

190

340

Total measured thickness. _ . ___.__.____

GENERAL FEATURES
The Etholen Conglomerate is about 700 feet thick.
Its relations to other formations are obscure, as nearly
all the contacts are covered by alluvium or are faulted,

761-386 O0—65——4

but evidence indicates that the Etholen is at the base
of the Cretaceous sequence in the area. It rests with
thrust fault contact on younger Cretaceous units and
seems to underlie the Yucca Formation.

Most of the formation is covered with rubble, but it
crops out in places on cliffy slopes and is well exposed
in several quarries. Most of the formation is a thin-
to thick-bedded conglomerate formed of pebbles, cob-
bles, and boulders, largely of gray limestone. Chert
pebbles are scattered throughout the formation and in
places form lentils. Limestone beds as much as 4 feet
thick are interbedded in the lower part of the conglom-
erate on West Etholen Knob, and thinner limestone
layers occur higher in the formation.

LITHOLOGY

Conglomerate makes up about 95 percent of the for-
mation. The overall color is gray, but beds with abun-
dant chert fragments are brown to greenish. Most of
the fragments in the conglomerate are 1 to 8 inches in
diameter, although boulders 114 to 3 feet across are
common. Near the base of the exposures on the west
side of West Etholen Knob are some blocks up to 15
feet long. Exposures are too poor to indicate or reveal
whether many of the limestone ledges are sedimentary
beds or large blocks, but most of those longer than 15
feet are thought to be beds in place. Chert fragments
are about 8 inches in maximum diameter. The lime-
stone fragments are angular to rounded. All except
the largest boulders and blocks have rounded edges;
one well-rounded 6-foot boulder was noted. Cobbles
of massive limestone are generally well rounded, where-
as those of laminated limestone are tabular; in some
beds most fragments are tabular. Nearly all the chert
pebbles are rounded, although not as perfectly as the
best rounded limestone pebbles. The conglomerate dis-
plays many degrees of sorting, from poor to excellent.
Commonly, beds composed of 1- to 2-inch pebbles also
contain 10- to 13-inch boulders. Some beds are made
up entirely of cobbles or boulders.

Most of the varieties of limestone in the conglomer-
ate fragments resemble those in the Permian rocks ex-
posed to the northeast. Many of them contain crinoid
stems, brachiopods, bryozoans, fusulinids, ammonoids,
and solitary corals that are clearly Paleozoic and are
probably of Permian age. No Cretaceous fossils were
observed in the conglomerate fragments, nor do the
limestone fragments closely resemble any local lime-
stones of Cretaceous age. The rock types include:
(1) light-gray limestone weathering light gray, (2)
dark-gray to black limestone weathering gray, (3) gray
thin-bedded limestone with beds 14 to 1% inch thick,
(4) gray evenly bedded limestone with light beds ¢
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inch and dark beds 14 to 14 inch thick, (5) gray lami-
nated limestone, (6) gray limestone weathering light
brown and yellow, (7) light yellowish-brown limestone
weathering yellow to tan, (8) gray, light pinkish-gray,
black, and dark-purple chert, of which the dark varie-
ties are most common. Chert pebbles are mingled with
limestone pebbles through much of the conglomerate;
in the upper part of the formation along the western
extension of Etholen Hill, a mass of conglomerate 100
feet thick consists entirely of chert pebbles.

The matrix of the limestone conglomerate consists
of three kinds of material. One consists of fine to
coarse quartz grains and accessory limestone particles
with calcareous cement. Another is chiefly a mosaic
of very fine grained angular limestone fragments. The
third is white crystalline calcite. Conglomerates char-
acterized by the various kinds of matrices grade into
each other. The chert-pebble conglomerates are bound
by siliceous cement.

Packing of pebbles and larger fragments is highly
variable; in some beds, pebbles and cobbles are packed
so tightly that there is little matrix; elsewhere cobbles
are sparse through coarse sand and granule gravel. The
more closely packed pebbles are commonly intergrown
along stylolitic seams. The pebbles, cobbles, and boul-
ders of the conglomerates generally show no preferred
orientation, although a few flat pebbles lie parallel to
the bedding.

Bedding surfaces in the conglomerate are parallel,
clearly defined to obscure, and are spaced at intervals
of 14 to 12 feet. Stratification is best developed in the
finer grained rocks, especially those interbedded with
lenses of limestone.

Lenses of gray limestone, sandy limestone, and cal-
careous sandstone are interbedded with the conglomer-
ate. These are generally 3 inches to 8 feet thick and
2 to 20 feet long, but in the lower part of the formation
near the west end of West Etholen Knob, limestone
beds 4 feet thick are exposed on rubbly slopes. Some
of these beds are probably continuous for 200 to 300
feet. Some of the thicker beds contain scattered peb-
bles of limestone and chert and nodules of chert. The
limestone and sandy limestone beds have bothsharp
and gradational contacts with the conglomerate. These
contacts are irregular in places, but none are distinctly
channeled.

AGE AND CORRELATION

Because of its obscure relations to adjacent forma-
tions, the stratigraphic position of the Etholen Con-
glomerate is not clear, and it has been variously as-
signed. In his Etholen Bed Taff (1891, p. 724) included
strata now known to be of Permian, Jurassic, and Cre-

taceous age. Baker (1927, p. 15-18) and Adkins (1932,
p. 285 and fig. 15, p. 292) assigned the Etholen to the
base of the Cretaceous, but Baker included other con-
glomerate beds that we now assign to the Yucca Forma-
tion. On the basis of its relations on Etholen Hill,
Huffington (1943, p. 1008-1009) interpreted the Etho-
len as overlying the Washita Group, but we believe
this superposition is the result of thrusting.

The Etholen is younger than the Permian, as its
fragments contain Permian fossils, but the only indige-
nous fossils are arenaceous foraminifers in a limestone
bed in the lower part of the formation on the west side
of West Etholen Knob. These were identified by
Steven K. Fox as Haplostiche texana (Conrad), which
occurs commonly in Texas in the Grayson Shale (Del
Rio Clay of former usage) low in the Upper Cretaceous
sequence. This species has a much more extended
range, however, occurring, for example, in the Sierra
Blanca area in the Bluff Mesa and Finlay Limestones
and in the rocks of Washita age.

According to the best available evidence the Etholen
Conglomerate underlies the Yucca Formation and has
a position low in the Lower Cretaceous Series. The
Etholen is separated spatially from the Torcer Forma-
tion, but the Torcer Formation also seems to underlie
the Yucca. As the Etholen and Torcer both appear to
be in about the same part of the stratigraphic column,
they may be equivalent, at least in part.

CONDITIONS OF DEPOSITION

The Etholen is a subaqueous deposit that probably
accumulated in a local trough bordering a cliffy shore.
The water at most times may have been fresher than
ordinary sea water, and the prevailing climate along
shore was likely more arid than humid.

The presence of foraminifers establishes a marine
origin for the older beds. Limestone beds at various
horizons from bottom to top likewise indicate deposi-
tion in standing water. The coarseness of the deposit
suggests nearness to the source, an inference supported
by the resemblance of limestone fragments in the con-
glomerate to those exposed nearby in the Paleozoic se-
quence. Huge angular slabs of limestone particularly
on West Etholen Knob probably could not have been
transported far by streams and must have toppled from
cliffs rising from near the edge of the water. The
roundness of smaller fragments may record the strength
of the surf and the competence of streams draining a
hilly hinterland. Detachment of blocks to supply the
enormous quantity of limestone cobbles and pebbles is
a process more effective in an arid climate than a humid
one.
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Any hypothesis for the origin of the Etholen should
be compatible with what is known about the origin of
the possibly equivalent Torcer Formation. Both ap-
pear to underlie the Yucca Formation conformably, and
although their exposures are separated, they must have
been deposited at about the same time in nearby areas.

Despite strong superficial differences between the
Torcer and Etholen, both have features in common.
In both, marine fossils occur in the lower parts; the
upper part of the Etholen is unfossiliferous and that
of the Torcer contains a fauna suggestive of fresh or
brackish water. Both units contain more carbonate
fragments than siliceous fragments, although the lime-
stone particles in the Torcer are finer and more dis-
persed than in the Etholen. Perhaps the limestone of
the Torcer represents the final stage in mechanical re-
duction of carbonate clasts. If so, the Etholen might
then represent the near-shore part of a clastic carbonate
deposit, and the Torcer, the offshore part, or at least
one more thoroughly worked by shore currents.

Some explanation is nevertheless required for the
present small distribution of the Etholen. Where pre-
Cretaceous rocks are exposed nearby in the Finlay
Mountains, the Malone Mountains, the west side of the
northern part of the Quitman Mountains, and the
Diablo Plateau to the northeast (King and Knight,
1944), the Etholen Conglomerate is lacking. The origi-
nal area of deposition was thus limited on the west,
north, and east, although it may have extended farther
south and southeast.

Gravels accumulated near shore generally form
rudely circular or elliptical bodies interbedded with
other types of aquatic sediments (Twenhofel, 1947,
p. 123). In the Sierra Blanca area, tectonic movements
along the south edge of the platform may have helped
localize the deposits by creating a structural basin as
a catchment area, or the catchment area may have been
a drowned erosional valley occurring along the strike
of the Paleozoic rocks. In any event, the shore of
Etholen time probably lay near the present south bor-
der of the Diablo Plateau.

YUCCA FORMATION
DEFINITION

The name Yucca Formation is derived from the
Yucca Bed of Taff (1891, p. 725), named for Yucca
Mesa, which was further described by Smith (1940,
p. 623-625). Taff also used the name Mountain Bed
for rocks near Quitman Gap now known to be the same
as those of the Yucca. South of the report area, in the
southern Quitman Mountains, Scott (1989, pl. 55) used
the name Las Vigas Formation for probably equivalent
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strata and derived the name from the formation of that
name to the southwest in Chihuahua, Mexico.

Exposures of the Yucca Formation, ranging from
about 1,100 to 5,500 feet thick, are restricted almost
entirely to the southeast quarter of the area, where the
beds form a continuous strip along the southern part
of the Quitman Mountains, around Zimpleman Pass in
the northern part of the Quitman Mountains, along the
slopes of Bluff and Yucca Mesas, and along both sides
of Devil Ridge. In the southern Quitman Mountains,
the Yucca forms ridges lower than the mountain crests
to the east. It forms the steep slopes below the rims
of Bluff and Yucca Mesas and a low ridge southwest
of Devil Ridge. On the slopes of the mesas capped by
limestone of the Bluff Mesa Formation, exposures of
the Yucca are poor except for ledges of resistant sand-
stone and quartzite; shale and platy limestone beds of
the Yucca weather to rubble-covered slopes.

GENERAL LITHOLOGY

The Yucca Formation includes multicolored rocks
with conspicuous red and purple beds and consists of
interbedded limestone, sandstone, shale, conglomerate,
and many mixed and gradational types; but limestone
is dominant in the north and sandstone in the south
(figs. 31 and 32). Limestone makes up the major part
of the sections at Bluff Mesa, Yucca Mesa, and Devil
Ridge, but there is less limestone than sandstone at
Quitman Gap ; and farther south in the Quitman Moun-
tains, sandstone and quartzite make up 70 percent of
the formation. About 15 miles south of the report
area the exposed part of the Las Vigas Formation of
Scott (1939), a probable equivalent of the Yuceca, is all
sandstone and shale through a thickness of about 2,200
feet (Scott, 1939, pl. 55).

Although no complete section of the formation is
exposed, the Yucca must thicken toward the south. It
is missing in the Finlay Mountains and on the Diablo
Plateau (King and Knight, 1944) but is more than
5,500 feet thick at Quitman Gap (Huffington, 1943,
p. 1000) only 15 miles to the south; this distance may
have been twice this amount at the time of deposition
and prior to thrust faulting.

The following section is here designated as the ref-
erence section of the Yucca Formation.

SEcTION 6.—Reference section of the Yucca Formation
[Northeast side of Yucca Mess; traverse 6 shown on pl. 1. (Modified from Smith,
1940, p. 623-625)]
Lower Cretaceous—Bluff Mesa Limestone:

Limestone, gray, dense, coarsely sandy (in part);
weathers buff to gray and has rough surface; con-
tains fragments of pelecypods and gastropods;
forms eliffs. .o - - e eeeeoaa

Thickness
(feet)
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fine grained clastic rocks in the Yucca Formation in the Sierra Blanca area.
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SEcTION 6.—Reference section of the Yucca Formation—Con.

Lower
74
73

72.
71.

70.
69.

68.
67.
66.

65.
64.

63.
62.

61.
60.
59.
58.
57.
56.
55.
54.
53.
52.
51.
50.
49,

48.
47.

46.

45.
44.

43.

42.

41.

40.

Cretaceous— Yucca Formation: T"{ﬁfe’g”
. Limestone, thin-bedded; poorly exposed__.__.____ 29

. Conglomerate of red and gray limestone pebbles;
grades downward into red and gray limestone
that weathers yellow and salmon red. _._____

Limestone, gray, in thin beds; scattered exposures
on debris-covered slope.- . _________________

Limestone, gray, dense; weathers light creamy
gray to yellow; thinly bedded_______________

Unexposed; probably thin-bedded limestone_ . __

Sandstone, gray, very calcareous, fine-grained;
weathers buff to brown. _ . _________________

Limestone, gray, dense; weathers whitish gray to
very light brown; nodular in middle and lower
parts; forms a low eliff . _________________.__

Unexposed; probably thin-bedded limestone. ___

Limestone, gray, dense; weathers light gray and
has a nodular surfaee_ ... __________________

Unexposed ; probably red shale________________

Quartzite, purple, weathers purple; contains
specks of hematite_ ... __________________

Shale, red; poorly exposed_____ . __._____.___.._

Sandstone, purple, fine-grained; weathers brown-
ish purple; forms low ledges in places_______._

Unexposed; thin-bedded limestone in float

Sandstone, purple, fine-grained, shaly________._

Congolmerate of small limestone pebbles, gray;
weathers buff to brown____________.________

Unexposed - - _ - e

Limestone, bright-gray, dense; weathers brown___

Quartzite, white to gray and brown; weathers
dark to light brown; some small-scale cross-

bedding__ . _____
Sandstone, white, medium-grained; weathers

white to brown____________________________
Limestone, bright-gray, dense; weathers brown..
Unexposed - _ -
Limestone, bright-gray, dense; weathers brown. .
Unexposed . __ o eeo.-

Limestone, gray, arenaceous; weathers gray.._._

Sandstone, gray, very calcareous; weathers buff
to dark brown.- _ ..
Unexposed . _ - ...
Limestone, gray; grades upward into red lime-
stone. _ ...
Sandstone, gray, coarse-grained, quartzitic;
weathers brownish gray and has thin brown
bands that are slightly more resistant and
stand out on weathered surface_ . .____.___.
Limestone, gray, dense; weathers gray_.___._.____

Conglomerate of limestone pebbles; grades up-
ward into fairly coarse grained calcareous
sandstone that weathers buff to brown; small
crystals of hematite in some of the sandstone._

Limestone, red; in places, it is conglomeratic and
contains fragments of red and gray limestone._

Conglomerate of limestone pebbles; grades up-
ward into coarse- and fine-grained arenaceous
limestone. .. .. e ___

Sandstone, white, medium-grained, quartzitic;
weathers brown and has limonite stain......_
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Lower
39

38

37.
36.
35.
34.
33.

32.
31.
30.
29.
28.
27.

26.
25.

24.

23.

22.

21.
20.
19.

18.

17.

16.
15.

14.
13.

12.
11.
10.
. Limestone, red, dense; weathers yellowish brown -
. Unexposed- .- - oo cmaemmmccaeeaen

Thickness

Cretaceous—Yucca Formation—Continued
. Limestone, gray, very arenaceous, in places
gritty; weathers gray_ . ______.__
. Unexposed_ - ____ ..
Limestone, gray, arenaceous; weathers brownish
gray; in places conglomeratic and has limestone
pebbles about Y4 in. in diameter. _._.____.____
Limestone, gray, dense; weathers gray._ __..____
Limestone, red, dense; weathers red to yellow and

Limestone, gray; weathers light brown to gray.
Limestone, dark-gray, dense; weathers gray;
grades upward into conglomerate beds with
limestone pebbles % to % in. in diameter__ ...
Unexposed; probably thin-bedded limestone.._.
Limestone, dark-gray, dense; weathers gray.____
Unexposed; probably thin-bedded limestone..._
Limestone, reddish-gray, dense; weathers dark
brown to yellow_ _ .. __ . ____
Limestone, gray; weathers buff to brown; poorly
exposed._ - . _____
Limestone, gray, arenaceous; weathers gray to
yellow; grades upward into red limestone_...
Limestone; poorly exposed . .- .. . __________
Limestone, dark-gray, dense; weathers gray to

Conglomerate of limestone pebbles; weathers
gray; pebbles average about 4 in. in diameter,
some as large as 1 in.; bed more resistant than
those beds above and below___-____________

Limestone, gray, dense; weathers gray; and red
limestone, weathers yellowish brown.__.______

Conglomerate of limestone pebbles; rounded to
subangular pebbles average 4 in. in diameter,
but some are as large as 114 in.; some red
limestone pebbles weather yellow; matrix is
gray limestone; grades upward into a dense
gray limestone that in turn grades into a con-
glomerate of small angular pebbles_ _________

Limestone, red; weathers yellowish brown______

Limestone, gray, dense; weathers gray-___...._

Limestone, reddish-gray, dense; weathers brown
and yellowish brown._.___ .. ________._

Conglomerate of limestone pebbles as large as 1
in. in diameter, and gray arenaceous limestone;
poorly exposed._ . . .-

Limestone, light-gray, dense; weathers yellow to
dark brown .. oo

Limestone, red, dense; weathers buff to pink_._.

Limestone, gray, dense; grades upward into
slightly red limestone at top; upper part con-
glomeratic; weathers buff ‘to yellow; forms
small eliffs. - .-

Limestone, gray, arenaceous in a few thin beds;
weathers gray; poorly exposed._ ...

Limestone, red, dense; weathers buff to brown;
forms a small ledge_ ... -

Unexposed; probably thin-bedded limestone . - -

Limestone, dark-gray, dense; weathers gray.. .-

Unexposed - - _ - - e

(feet)

O

3 o

16

>4 N BN

U

20

15
10
19

14

68

©

15

33

18
28

16

93
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SEcTION 6.—Reference section of the Yucce Formation—Con.

Thickness

Lower Cretaceous—Yucea Formation—Continued (feet)

7. Limestone, gray, dense; weathers gray; contains
some chert; grades upward into light-red
limestone that weathers yellowish brown and
then into dense light-gray limestone that

weathers yellow___________________________ 9
6. Unexposed.__________________ 32
5. Limestone, light reddish-brown, very arenaceous;

weathers dark rusty brown_ . _______________ 3
4, Conglomerate of limestone pebbles, gray;

weathers gray; pebbles % to 1 in. in diameter__ 2

3. Limestone, gray, dense, gray-weathering, and
dense red limestone weathering yellowish

2. Limestone, thin-bedded; poorly exposed._..____ 13
1. Limestone, gray, dense; weathers gray; in part
conglomeratic with limestone pebbles 4 to 3
in. in diameter; base not exposed.-___________ 2

Total measured thickness_ . . __.__._.___ 1, 022

BLUFF MESA-YUCCA MESA-DEVIL RIDGE AREA
(DEVIL RIDGE THRUST BLOCK)

The thickest sequences of Yucca Formation in this
area are in Yucca and Bluff Mesas, where limestone
and limestone conglomerate constitute 70 to 75 percent
of the formation, shale 10 to 16 percent, and sandstone
and conglomerate about 15 percent.

The limestone is mostly reddish brown or yellowish
brown, although some beds are gray. Textures are fine
to coarse; many of the coarser varieties are clastic.
Some of the denser beds are magnesian or dolomitic;
a pinkish-gray magnesian limestone in the lower part
of the formation on the north side of Yucca Mesa con-
tains 86.66 percent CaCOs, 2.32 percent MgCOs, and
8.66 percent acid insoluble material (analysts: E. C.
Mallory and D. L. Skinner, U.S. Geol. Survey).

Conglomerate beds consist of pebbles that average
about one-half inch and range from 1% to 114 inches
in diameter. Most are well rounded, but sharply an-
gular particles make up some thin beds. The pebbles
are chiefly dense gray limestone, but in places a few
are red limestone and dark chert. The matrix is lime-
stone, commonly sandy. Most of the conglomerate
beds are 2 to 4 feet thick, and pebbles are scattered
through other rocks through thicknesses of as much
as 20 feet.

Red and purple shale and siltstone, mostly calcare-
ous and partly sandy, are characteristic of the forma-
tion and occur in beds 2 inches to 3 feet thick.

Sandstone, quartzitic sandstone, and quartzite con-
stitute only a small part of the formation in this area.
They are fine to coarse grained and light to dark
brown, except for thin beds of purple and green
quartzite on Yucca Mesa. They consist mainly of

subangular to rounded quartz grains in a calcareous
or siliceous cement. Beds are generally from 1 to 3
feet thick and are mostly evenly laminated ; some beds
are cross-laminated.

RED HILLS AND OTHER PARTS OF RED HILLS THRUST BLOCK

In the Red Hills thrust block the Yucca crops out
in the Red Hills, along a ridge southwest of Devil
Ridge, and around Zimpleman Pass in the northern
Quitman Mountains. The strata in the Quitman
Mountains have been metamorphosed, chiefly to lime-
silicate rocks.

About 1,600 feet of the formation is exposed in the
Red Hills thrust block. Limestone makes up 20 per-
cent; sandstone, quartzite, and siliceous-pebble con-
glomerate, 79 percent; and shale, 1 percent.

The sandstone and quartzite are fine to coarse
grained, are variously brown, red, gray, and white
and weather to shades of brown. They generally con-
sist of well-sorted subangular to well-rounded quartz
grains and include accessory grains of chert and dark
minerals. The sandstone is cemented by calcite, the
quartzite by silica. Beds are mostly 1 to 5 feet thick,
but a few are as much as 20 feet thick; some layers
are crossbedded.

In contrast to the Devil Ridge thrust block to the
north, siliceous conglomerate is abundant in the Red
Hills thrust block. The conglomerate is in beds and
lenses, is variously white, gray, or brown on fresh
surfaces, and weathers brown. Most beds contain
only quartz or chert pebbles, but some contain both,
and others contain limestone pebbles also.

In the quartz-pebble conglomerate, the fragments
average one-half inch in diameter and are subangular
to well rounded. The pebbles are mostly white or red
vein quartz and are in a sandstone matrix that is
slightly calcareous in places. The conglomerate beds
are typically 5 feet thick, but some are as much as 20
feet thick.

The chert conglomerates are coarser and contain
pebbles generally 1 to 2 inches and as much as 3%
inches in diameter. The pebbles are chiefly of gray,
brown-weathering chert and are set in a coarse sandy
matrix, in part cross-laminated. Most of the chert
conglomerates form discontinuous lenses, rarely more
than 100 feet across and 10 feet thick, some of which
fill channels cut in the underlying beds. The channel
fills are small, typically about 25 feet wide and less
than 10 feet thick.

The limestone is gray or reddish brown and weath-
ers to shades of gray, red, and yellow. It is variously
dense, sandy, shaly, or nodular and forms beds 1 to 5
feet thick.
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Adjacent to the Quitman pluton, the sedimentary
rocks have been metamorphosed in a zone a few feet
to several hundred feet wide. Alteration has been
most intense adjacent to the stack at the north end of
the pluton, particularly along its west side.

In the vicinity of Zimpleman Pass, limestone of the
Yucca Formation has been largely altered to a dark
silicate rock with abundant brown and green garmet
and accessory actinolite, epidote, plagioclase, jasper,
and idocrase. Some sulfide minerals and specular hem-
atite also occur, particularly where later fissures cut
the rocks. White beds of almost pure wollastonite
and beds that contain scapolite and tremolite occur
along the outer border of the silicate zone. Farther
away from the pluton, some of the limestone is altered
to white coarsely crystalline marble. The shaly beds
in the zone of metamorphosed rock have been altered
to hornfels.

SOUTHERN PART OF QUITMAN MOUNTAINS
(QUITMAN THRUST BLOCK)

In the southern part of the Quitman Mountains,
sandstone and quartzite make up 47 to 70 percent of
the Yucca Formation. Shale constitutes 17 to 24 per-
cent, and limestone, 6 to 36 percent. The limestone
increases northward, and the sandstone southward.

The sandstone and quartzite beds are gray, green,
pink, red, or maroon and weather to shades of the
same colors. In the Quitman Gap area, where they
make up nearly half of a sequence more than a mile
thick, the sandy rocks are concentrated in the middle
part of the formation. They are fine to coarse grained,
and the coarser beds commonly contain lentils of tiny
pebbles. The quartz grains, the chief constituents, are
subangular to well rounded, are well sorted in many
beds, and are cemented by lime or silica. Some layers
contain calcareous nodules and small impressions of
wood. The sandstone and quartzite occur in beds gen-
erally 14 to 3 feet thick, although a few beds are as
thick as 5 feet. Some of the beds are laminated, and
some show graded bedding. The beds of sandstone
are commonly lenticular and locally grade into shale.

The limestones are unusually varied. They are gray
and greenish gray to brown, have intermediate yellow,
pink, and red hues, and form 1- to 3-foot beds which
are massive, shaly or platy, fine grained to coarse
grained, and sandy. Some are full of calcareous nod-
ules 2 to 3 inches across. Stratification is generally
even and parallel, but many beds occur as lenses 8 to
12 inches thick and 3 to 10 feet across. Some of the
beds are magnesian or dolomitic; a fine-textured sandy
dolomitic limestone from the southern part of the
mountains contains 51.19 percent CaCQOs, 7.14 percent
MgCOs, and 3140 percent of acid-insoluble material

(analysts: E. C. Mallory and D. L. Skinner, U.S.
Geol. Survey).

The shales are pink, maroon, green, gray, yellow,
purple, or red and consist of silt and clay particles,
mixed in some units and segregated as alternating
platy siltstone and claystone in others; some are cal-
careous. The shales form units 8 inches to 3 feet thick.

Lentils of calcareous or siliceous conglomerate no
more than a few inches thick occur in some of the
limestone beds. The siliceous pebbles are quartz,
quartzite, and gray or red chert and are as much as 2
inches in diameter; limestone pebbles are as much as
half an inch in diameter.

THICKNESS

Although no complete section of the Yucca Forma-
tion is exposed in the Sierra Blanca area, the thick-
ness obviously increases southward. On the north side
of Bluff Mesa a section, 1,116 feet thick, is exposed
(Huflington, 1943, p. 999 and 1018), and although the
base is not visible, probably no more than 200 or 300
feet is covered by the alluvium west of Bluff Mesa.
In the Red Hills, 1,562 feet is exposed, and neither
the top nor the base of the formation is visible. At
Quitman Gap, 5,517 feet is exposed, and the base is
not visible (Huffington, 1943, p. 999 and 1016). In
this strongly deformed area, the beds are overturned,
but there is no evidence that they are repeated. In
the lower southwestern part of the exposed section,
fracture cleavage in a limestone bed and oscillation
ripple marks both indicate that the beds are over-
turned. In the sandy and quartzitic middle part of
the section, at least 25 sets of crossbeds show over-
turned bedding.

The Yucca Formation is absent north of the Devil
Ridge thrust. The Campagrande Formation, equiva-
lent to the Bluff Mesa Limestone, which overlies the
Yucca, rests directly on Permian rocks in the Finlay
Mountains.

RELATION TO ETHOLEN CONGLOMERATE AND TORCER FORMATION

Beds classified as Yucca overlie the Etholen Con-
glomerate on the southwestern part of Etholen Hill.
The basal strata of the Yucca here are lithologically
similar to those of the nearby reference locality, being
gray limestone with algal structures 1 to 114 inches
in diameter. Bedding is obscure, and the strata are
gently folded, but the contact with the Etholen seems
to be conformable.

The Yucca overlies the Torcer Formation on the
west side of Zimpleman Pass in the northern Quitman
Mountains. Although the rocks are metamorphosed
and exposures are poor, the formations appear to be
conformable.
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This conformity of the Yucca with both the Etholen
and Torcer is observable in such small areas that the
regional relations of the three formations remain un-
certain. It is possible, for example, that the lower
beds in the Yucca Formation interfinger with the
upper beds of the other two formations.

AGE AND CORRELATION

Numerous fossil fragments have been found in the
Yucca Formation, but none are useful in establishing
its exact age. Adkins (1932, p. 296) recorded Arca,
Ostrea, and caprinids in the formation, but we did
not find them.

On the basis of its stratigraphic position below the
Bluff Mesa Limestone of definite Glen Rose age, the
Yucca Formation evidently is low in the Cretaceous
sequence. Lack of precise data from fossils prevents
a more precise assignment than Early Cretaceous.

CONDITIONS OF DEPOSITION

The Mesozoic sea that entered the area from the
south during Jurassic time continued its advance dur-
ing Yucca time. While the sea spread, the Mexican
geosyncline sank and received a wedge of sediment
that thickened southward. The shoreline lay near
the present south edge of the Diablo Plateau and ex-
tended eastward beyond Eagle Spring (about 10 miles
east of the southeast corner of the Sierra Blanca area),
where the Yucca is a little more than 300 feet thick
(Smith, 1941).

The sediments making up the Yucca Formation
were all deposited in shallow water as indicated by
the common occurrence of rippled and cross-laminated
sand. Thus deposition presumably kept pace with the
sinking of the basin.

The lithologic change from north to south poses
problems we are unable to solve. The quartzose sand-
stone facies of the Yucca is farther removed from
shore than the carbonate facies. Most of the limestone
itself is a clastic rock, and the conglomerate beds are
most conspicuous near the ancient shore, but the source
for the great thickness of sandstone in the south re-
mains unknown.

All features indicate that the area was one of con-
siderable relief during deposition of all the strata
between the base of the Malone Formation and the
top of the Yucca Formation. The low areas were
flooded first and filled with sand, and as the relief of
the sea floor decreased, limy muds were deposited in
increasing amounts. Limestone pebbles that escaped
pulverization in the surf were occasionally washed
out from shore and interbedded with the calcareous
mud. Although probably deposited in a lower energy
environment, the limestone conglomerate of the Yucca

may have been deposited under conditions similar to
those under which the conglomerate of the Etholen
was deposited.

BLUFF MESA LIMESTONE
DEFINITION

The term “Bluff Bed” was used by Taff (1891,
p. 727) for the predominantly gray limestones exposed
on Bluff Mesa, but as the name Bluff is preoccupied,
the formation is now termed the Bluff Mesa Lime-
stone. Farther south, at Quitman Gap, Taff distin-
guished a Bluff Bed and a Quitman Bed above his
Mountain Bed, or Yucca Formation; because most of
the Quitman Bed is likewise equivalent to the Bluff
Mesa Limestone of the type area, this term was
abandoned. In the Quitman Mountains to the south
of the Sierra Blanca area, Scott (1939, p. 973) placed
the Cuchillo and Glen Rose Formations above the
Las Vigas Formation. The Bluff Mesa Limestone is
probably equivalent to the Cuchillo and to at least
part of Scott’s Glen Rose, the upper part of which
probably also includes beds equivalent to the Cox
Sandstone, which overlies the Bluff Mesa Limestone.

Within the Sierra Blanca area the Bluff Mesa
Limestone is used only in the area south of the Devil
Ridge thrust; north of the thrust the name Campa-
grande Formation is used for equivalent but some-
what different strata.

The Bluff Mesa Limestone is exposed chiefly in the
southeast quarter of the report area, where it caps
Bluff and Yucca Mesas and is prominent on Bug
Hill, Double Hill, and some of the low hills northeast
of Devil Ridge. It forms a high ridge in the south-
ern part of the Quitman Mountains and a narrow
band along the west side of the northern part of the
Quitman Mountains. A few outlying exposures oc-
cur in the Hueco Bolson and Rio Grande Valley.

The formation characteristically consists of mas-
sive limestone beds that crop out in prominent ridges,
cliffs, and ledges. Between the ledges and bluffs,
thinner beds of limestone and shale underlie gentler

slopes.
LITHOLOGY

The Bluff Mesa Limestone is a fairly uniform
body of limestone, containing minor amounts of sand-
stone and shale (pls. 3 and 4). Most beds are lenticu-
lar and cannot be traced more than a few hundred
feet. Much of the limestone is very fossiliferous.

The formation ranges in thickness from 1,080 feet
on Devil Ridge about 3 miles southeast of Yucca Mesa
to 1,473 feet on Yucca Mesa. It is 1,211 feet thick
near the southeast end of Devil Ridge and 1,201 feet
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at the southernmost exposures in the Quitman Moun-
tains.

The following stratigraphic section measured on
Bluff Mesa is here designated the reference section.
The thickness of 1445 feet probably is close to the
total at this locality, for although the uppermost
beds are concealed, the missing part probably amounts
to no more than a few tens of feet.

SecTioN 13.—Reference section of the Bluff Mesa Limestone
{Bluff Mesa; traverse 13 shown on pl. 1. Fossil identifications by J. Fred Smith, Jr.}

Lower Cretaceous—Bluff Mesa Limestone: Thickness
Top not exposed; probably near top of formation.
26. Limestone, gray, slightly sandy, in thin beds__.. 178

25. Unexposed; probably thin beds of sandy lime-

stone and shale_______________________.____ 80
24. Limestone, gray, sandy, mostly in thin beds____ 303
23. Quartzite, brown, fine-grained____.____________ 14

22. Limestone, gray, in thin beds; many Orbitolina
(probably O. minute Douglass; Douglass, 1960,

Pp-36-39, pl. 16) - eeoao_- 37
21. Limestone, black, in thin beds; poorly exposed.. 26
20. Chiefly unexposed; thin shaly beds_ . __________ 109
19. Limestone, gray; very fossiliferous—abundant

Ezogyra sp., Gryphaea sp., and corals_ . ______ 15
18. Limestone, gray; reeflike masses of corals______ 8
17. Limestone, gray, sandy; weathers gray____._____ 69
16. Limestone, gray, very sandy, in thin beds; some

brown sandstone_ ____________________.__._. 65
15. Sandstone, brown, calcareous; fossil fragments. . 2

14. Limestone, gray, sandy, thin- to thick-bedded;
weathers gray; very fossiliferous—many shell
fragments are seen in cross section in the rock__ 71

13. Limestone, gray, sandy, thin-bedded; many
Exogyra sp., Gryphaea sp., and corals which

are seen as cross sections in the roek_____.____ 64
12. Limestone, gray, coarsely sandy.____ . __.___. 34
11. Limestone, gray, sandy, thin-bedded; poorly

exposed- . - . 52
10. Limestone, gray, sandy; weathers gray; some

fossil fragments. - - ___________ 23
9. Limestone, gray, sandy, thin-bedded; poorly

exXPOSed. - e 27
8. Limestone, gray, sandy; weathers gray; con-

tains some fossil fragments. . ... ____________ 26
7. Sandstone, gray, coarse-grained, -caleareous,

thin-bedded, and sandy limestone_. .. ______ 64
6. Limestone, gray, fragmental, sandy, and ecal-

careous sandstone; weathers gray_ ... .______ 8
5. Limestone, gray, sandy; many Orbitolina texana

(Roemer) ; forms eliff . _____________________ 31
4. Limestone, gray, sandy; weathers gray_._______ 23
3. Sandstone, gray, coarse-grained, calcareous;

weathers gray ... 11

2. Limestone, gray, slightly sandy; weathers gray;

fossiliferous—abundant Ezogyra sp. and

Gryphaea sp.; forms eliff____________________ 36
1. Limestone, gray, slightly sandy, in thin beds;

some interbeds of brown sandstone___.______ 69

Total measured thickness_ _ _ .. ....__.. 1, 445

SecTIoN 13—Reference section of the Bluff Mesa Limestone—
Continued
Lower Cretaceous—Yucca Formation :
Limestone, gray, weathering yellow; poorly exposed
at contact with Bluff Mesa Limestone.

Sandy limestone makes up the greater part of the
formation. Most beds are gray, but the more sandy
parts are brown and greenish gray. Nearly all the
limestone is fragmental and is made up of broken
shells intermingled with sand. Most of the sand is
coarse, though it ranges from fine to coarse; the
coarsest grains are of clear quartz and are a sixteenth
of an inch in diameter.

The sandy limestones occur mostly in 1- to 3-foot
beds but also in very thin beds and in some as much
as 30 feet thick. Internally, the beds are massive or
laminated, and many are cross-laminated. Single
beds thin and pinch out within a few feet or a few
hundred feet, but units of similar lithology are trace-
able for several miles.

Pure limestone containing little or no quartz sand
is much less common. Some of the less sandy lime-
stone contains abundant calcareous nodules 4 to 5
inches long. Other limestones are interbedded with
yellow or gray and commonly sandy shale which is
in partings a fraction of an inch thick or in layers
2 to 3 feet thick. Most of the pure limestone con-
sists of megascopic and microscopic shell fragments,
including whole and broken tests of the giant forami-
nifers Orbitolina texana (Roemer) and O. minuta
Douglass, which in places form layers 1 to 8 feet
thick. Near the middle of the formation are some
layers of gray oolitic limestone. The denser lime-
stones are commonly marked by stylolites. Masses
of closely packed corals occur near the crest of Bluff
Mesa, where they weather in relief; the largest mass
observed is 29 feet across.

Sandstone and quartzite occur in lenses 2 to 3
feet thick, each traceable several hundreds of feet to
pinchouts or to gradations into sandy limestone.
They are brown, white, tan, gray, or green and gen-
erally weather brown. Almost all the grains are
quartz, but a dark accessory mineral, probably mag-
netite, is also present; grains range from very fine
to coarse and pebbly and are set in both calcareous
and siliceous cements. Ferruginous concretions about
1 inch in diameter are scattered through some of the
beds. Crossbedding is common, especially in thin
layers of very fine grained green quartzite.

RELATION TO YUCCA FORMATION

The Bluff Mesa Limestone lies conformably over
the Yucca Formation but has a distinct and easily
recognized contact along Devil Ridge and northwest-
ward. Thin beds of limestone and shale in the
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Yucca Formation give place to massive beds of gray
sandy limestone in the Bluff Mesa Limestone.

In the southern part of the Quitman Mountains a
transition zone of interbedded limestone and sand-
stone several hundred feet thick intervenes between
the main bodies of the two formations (Huffington,
1943, p. 1001). The base of the Bluff Mesa is ar-
bitrarily placed in this zone at the base of the lowest
fossiliferous bed, although the bed is not every-
where at exactly the same stratigraphic level. Even
so, the contact probably does not differ vertically

53

FOSSILS

Fossils are abundant in the Bluff Mesa Limestone,
although many are fragmental and others are difficult
to extract from the rock. The most abundant forms
in certain layers are Orbitolina and Ezogyra quit-
manensis Cragin (fig. 33).

The large oyster Exogyra quitmanensis Cragin oc-
curs between 180 and 370 feet above the base of the
formation in the southern part of the Quitman
Mountains and makes up whole beds between 210

from place to place by more than 50 feet.
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FI1GURE 33.—Isometric diagram showing conspicuous zones of Orbitolina and Erogyra quitmanensis
sections of the Bluff Mesa Limestone.
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near the east limit of exposure of the formation. The
most fossiliferous beds are not persistent laterally.
Exogyra quitmanensis Cragin has not been observed
in the Bluff Mesa Limestone at its reference locality
or in any of its other exposures northeast of the
Quitman thrust.

Orbitolina occur in the same areas as Ewxogyra
quitmanensis Cragin but have a broader geographic
range toward the north and northeast. These foram-
inifers are abundant at certain horizons in the Quit-
man Mountains, in Devil Ridge, and in some of the
hills rising from the Hueco Bolson. In the southern
Quitman Mountains, they are most abundant from
680 to 965 feet and from 1,125 to 1,160 feet above the
base of the formation and thus extend much higher
stratigraphically than Ewzogyra quitmanensis Cragin.
From Bluff Mesa through Devil Ridge the foramin-
ifers are concentrated at two levels in the formation,
one near the base and one in the upper half. The
lower level is generally between 85 and 260 feet above
the base and the upper between 700 and 1,050 feet.
The tests are not distributed uniformly at either
level but are concentrated in patches. While we
were studying the area, all Orbitolina were referred
to one species, O. fexana (Roemer). Since then,
however, Douglass (1960, p. 36-39) has named a new
species, O. ménuta Douglass, and reported that O.
texona occurs in the lower part of the Glen Rose
Limestone and O. ménuéa in the upper part. In the
Sierra Blanca area, the lower zone in the Bluff Mesa
Limestone contains O. texana (Roemer), and the up-
per zone contains O. minuta Douglass (Douglass,
1960, pl. 16).

Requienia and other rudistid pelecypods form
lenses in parts of the formation, but their taxonomy
and stratigraphic ranges remain to be studied.

Of the following fossils identified from the Bluff
Mesa, most were collected from the upper interval of
abundant Orbitolina along Devil Ridge (Smith, 1940,
p. 610-611) : Orbitolina texana (Roemer), Haplostiche
texana Conrad, Anomalina sp., Porocystis globularis
(Roemer), Heteraster obliquatus (Clark), Diplopo-
diat tafi Cragin, Cyprimerica sp., Exogyra texana
Roemer, Ewogyra sp., Protocardia cf. P. texana (Con-
rad), Protocardia cf. P. stonei Cragin, Pecten sp.,
Ostrea sp., Artica cf. A. roemeri (Cragin), Artica sp.,
Isocardia? medialis (Conrad), Isocardia? sp., Car-
dium? sp., Pholadomya knowltoni Hill, Pholadomya
sp., Homomya? sp., Cucullaea (Idonearca)? termi-
nalis Conrad, Cucullaea? sp., Modiola branneri Hill,
Trigonia cf. T. stolleyi Cragin, Trigonia sp., Tapes
sp., Tapes? sp., Requienia sp., Anatina sp., Nerinea
incisa (Giebel), Nerinea sp., Lunatia? pedernalis Hill

(not Roemer), Natica? pedernalis Roemer, Natica?
sp., Amauropsis? cf. A. pecosensis Adkins, and 7'ylo-
stoma? sp.

AGE AND CORRELATION

The Bluff Mesa Limestone contains virtually the
same fauna as the Glen Rose Limestone of the Trin-
ity Group (Lower Cretaceous) in central Texas. Or-
bitolina texana (Roemer) and O. ménute Douglass
(Douglass, 1960, p. 38), in particular, are character-
istic of both formations.

The Bluff Mesa Limestone is probably also equi-
valent to the very thick Lower Cretaceous rocks in
the Little Hatchet Mountains of southwestern New
Mexico (Lasky, 1938 and 1947, p. 16-26) and to the
Mural Limestone of southeastern Arizona (Stoyanow,
1949, p. 20), which contain similar fossils.

CONDITIONS OF DEPOSITION

The foraminifers, echinoids, and stony corals of the
Bluff Mesa Limestone suggest that this limestone was
deposited in a warm clear shallow sea of normal
salinity, overlying bottoms that were firm and well
aerated. Brisk circulation is indicated by the cross-
lamination, the local occurrences of oolites, the gen-
erally clastic nature of the limestone, the coral bio-
stromes, and the abundant large sessile pelecypods.

Variations in the thickness of the formation along
Devil Ridge and to the northwest suggest that the
floor of the sea had some hollows and prominences.
There must have been, however, less relief than dur-
ing the deposition of the Torcer, Etholen, and Yucca
sediments, as the Bluff Mesa is more homogeneous
and less variable in thickness than these older forma-
tions. To a certain extent this homogeneity is con-
trived, however, because we have assigned the less
homogeneous littoral and near-shore equivalents of
the Bluff Mesa Limestone to another formation, the
Campagrande Formation of the southern part of the
Diablo Plateau.

CAMPAGRANDE FORMATION
DEFINITION

The Campagrande Formation was named by Rich-
ardson (1904, p. 47) for Campo Grande Arroyo,
which drains from the Finlay Mountains into the Rio
Grande. This arroyo has several head branches, and
Richardson did not state specifically which one was
the type locality. He did state, however, that the
formation was 3875 feet thick, and this thickness
agrees with that of the outcrops along the principal
branch leading past the Wilkie Ranch house.

In defining the Campagrande, Richardson evidently
intended that it include all the Cretaceous strata be-
neath the quartzose rocks of the Cox Sandstone in the
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Diablo Plateau area. So defined, it is a heterogeneous
deposit with at least three lithologic facies. To the
northwest, the Campagrande consists principally of
limestone conglomerate and some interbedded sand-
stone. In the area of the Finlay Mountains, marl,
shale, siltstone, and sandstone dominate. Farther
eastward along a broad belt extending from Sierra
Blanca town to the Sierra Prieta (fig. 34), limestone
is the principal rock. FEast of Sierra Blanca town
along the southern foothills of the Diablo Plateau, all
three of these facies are complexly intermingled.

In the eastern part of the Finlay Mountains, the
Campagrande crops out at the center of a structural
dome, and in the western part its outcrop encircles
a similar but more deeply eroded uplift. The forma-
tion is concealed by younger deposits in all directions
away from its type area, but it reappears on Triple
Hill, 9 miles to the southeast, along the border of an
intrusive mass of igneous rock. Farther eastward, it
1s preserved as remnant benches and mesas, and orig-
inally it must have extended nearly to the east
boundary of Hudspeth County. In the northern part
of the county the formation has been reported in the
Sierra Prieta and Cerro Diablo and along the east
flank of the Hueco Mountains (fig. 34).

The formation ranges in thickness from 375 to 800
feet. Between the Sierra Prieta and the Finlay
Mountains, it thickens southwestward at a rate of
about 10 feet to the mile, and in the western part of
the Finlay Mountains, at about 200 feet to the mile.
East of Sierra Blanca town, the southwestward thick-
ening is about 25 to 30 feet to the mile.

FINLAY MOUNTAINS AREA

A full section of the Campagrande Formation is
exposed in the western part of the Finlay Mountains
where the formation is 875 to 400 feet thick at the
north and about 800 feet thick at the south. In the
eastern part of the mountains only 242 feet in the
upper half of the formation is exposed. Lithology of
the formation is variable, especially in the lower part,
which consists of interbedded limestone, siltstone,
sandy shale, sandstone, and conglomerate (pl. 5).
The upper 200 feet or so of the formation is limestone
and marl in alternating layers. As exposed in the
western part of the mountains, the Campagrande is
30 percent limestone, 27 percent siltstone and sandy
shale, 18 percent marl, 15 percent standstone, and 10
percent conglomerate. The exposed upper part in the
eastern Finlay Mountains is 64 percent marl and 36
percent limestone,

The following measured stratigraphic sections indi-
cate the character of the Campagrande Formation in

the Finlay Mountains. The first section is designated
the reference section for the formation.

SEcTiON 1.—Reference section of the Campagrande Formation

{West side of the western part of the Finlay Mountains; traverse 1 shown on pl. 1]
Thickness

Lower Cretaceous—Cox Sandstone:
(feet)

Shale, gray and brown.

Lower Cretaceous—Campagrande Formation:

36. Limestone, gray, fine-textured, in layers a foot
or less thick, containing minute cubes of
hematite (after pyrite); small turritelliform
gastropods (Nerinea) abundant in upper beds.
A sill of hornblende porphyry 13 ft thick
separates this unit from overlying Cox Sand-
stone . ool 12

35. Limestone and marl, gray, in an alternating
thinly bedded sequence that is approximately
35 percent limestone and 65 percent marl.
Marl beds weakly indurated and poorly ex-
posed; in units as much as 11.5 ft thick; com-
monly mixed with fine and very fine quartz
sand in amounts around 10 percent; contains
shell fragments, foraminifers, and ostracodes
in many layers. Limestone mostly hard and
well exposed; in layers between 0.5 and 2 ft
thick; fine textured; many beds fossiliferous
(Porocystis in upper 32 ft) ... _______

34. Limestone, dark-gray, fine-textured, containing
small turritelliform gastropods and Poro-
cystis? Caps cuesta. Locally, a sill of horn-
blende porphyry 8 ft thick follows along the
base of this unit_ . ________________

33. Marl, dark-gray; emits fetid odor when broken;
contains abundant foraminifers, ostracodes,
echinoid spines, and fragments of shells and
bryozoan colonies_ - _ .. ___ 7

32. Limestone, dark-gray, very fossiliferous; some of
middle and upper beds made almost entirely
of rudistids, and some of the lower beds of
stony corals (Stephanocoenia) and Porocystis.
Also contains abundant echinoid spines,
bryozoa, ostracodes, and a variety of small
foraminifers. Forms eliff . __________._____._ 21

31. Sandstone, gray, brown-weathering, and arena-
ceous limestone_ - ______________._.___. 5

30. Limestone, dark-gray, arenaceous; contains shell
fragments. e

29. Shale, gray, sandy; poorly exposed.______._.... 1

28. Limestone, dark-gray arenaceous.._..__._-____.

27, Silt and sand, buff__ .. .. oo

26. Limestone, medium-gray, oolitic; weathers light
olive gray; breaks irregularly and crumbly.
Contains rounded granules of dark-gray lime-
stone and pebbles of chert, especially at base
where there are lentils of chert pebble con-
glomerate. Rock laminated and crossbedded
on a small scale. Sill of hornblende porphyry
2.5 ft thick; locally follows base of unit......

25. Limestone, dark-gray, fine-textured... ...

24. Silt and fine sand, gray - - - ccccccacocococoaan 15

23. Limestone, dark-gray, fine-textured; contains
lentils of pebble and cobble conglomerate____ 12.0

22. Silt, gray, and fine sand; poorly exposed____.-. 10.0

21. Conglomerate of chert and limestone pebbles... 1.5

179

9.0

SO wm
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FI16URE 34.—Variations in thickness and lithology of Campagrande Formation in Hudspeth County, Tex. Isopach
lines at intervals of 100 feet show thickening of formation toward southwest. Upright figures give thickness
in feet at localities where sections have been measured. Stippled pattern indicates section dominantly of
conglomerate or sandstone. Closely spaced horizontal lines indicate section dominantly of fine-grained clastic
rocks (clastic ratio 1.06 to 9.50; sand-shale ratio 0.18 to 0.53). Widely spaced vertical lines indicate section
dominantly of limestone (clastic ratio as much as 0.74; sand-shale ratio as much as 0.50).









CRETACEOUS SYSTEM 59

tween 190 and 240 feet below the top of the forma-
tion, whole beds are made largely of stony corals,
gastropods, and pelecypods. The coral heads are up-
right, in growth position, and seem to be part of a
single widespread biostrome.

Gray marl constitutes roughly 60 percent of the up-
per 210 feet of the reference section and 80 percent
of the equivalent part of the formation in the eastern
part of the Finlay Mountains.

The marl is weakly indurated, weathers readily,
forms recesses in cliffs, and underlies small valleys be-
tween the limestone ledges and ridges, where it is gen-
erally concealed by debris. Some of the marl is lam-
inated and fissile, but much of it is massive and
occurs in layers of all sizes from a few inches to 30
feet thick.

Four samples chosen at random from different
strata lost 56 to 76 percent of their weight in dilute
hydrochloric acid. Finely divided carbonate matter
is perhaps the largest component of the rock, but cal-
citic organic material the size of silt and fine sand is
also abundant. Such material includes calcite prisms
broken from pelecypod shells and fragments of bryo-
zoan colonies, echinoid spines, tests of foraminifers,
and ostracodes. Most of the insoluble matter is argil-
laceous, but three of the four samples examined con-
tain 5 to 10 percent of angular quartz silt and fine
sand.

Fine clastic rocks account for about 60 percent of
the lower 400 feet of the reference section. About
two-thirds of this lower part is silt and sandy shale,
and one-third is fine and very fine quartz sand and
sandstone. The rocks are buff to yellowish and red-
dish brown. They are weakly indurated and poorly
exposed except in undercut banks along the north
side of the main branch of Campo Grande Arroyo
east of Wilkie Ranch house, where they display com-
plex scour-and-fill structure and crossbedding (fig.
37). These exposures are within the basal 30 feet
of the formation.

Conglomerate units as much as 20 feet thick occur
in the lower half of the formation. They are made
up principally of well-rounded limestone pebbles and,
in the lower parts of some units, cobbles and boulders
as much as a foot across. In places, angular chert
pebbles form 30 percent of the rock. The matrix is
generally a sandy limestone, and some conglomerate
grades laterally into pebbly limestone. In some beds
the pebbles are so closely packed that they have vir-
tually no matrix except films of calcite cement, and
stylolites extend through the pebbles.

Some of the limestone pebbles are fossiliferous and
were obviously derived from nearby Permian rocks.
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FIGURE 37.—Primary structures in basal part of the Campagrande
Formation exposed along headwaters of Campo Grande Arroyo,
Finlay Mountains. Top: a buried mound of sandy shale, over-
lapped by beds of pebbly limestone with partings of black shale
(black). Bottom: sandy shale overlain by foreset beds of sand-
stone and conglomerate, the bed of conglomerate extending across
truncated upper edges of the foreset beds.

Much of the conglomerate, however, closely resembles
that of the underlying Permian rocks, and in isolated
exposures the two are not easily distinguished. Most
of the conglomerates of Cretaceous age lack fossils in
the matrix and contain many chert pebbles, whereas
many of Permian age abound in fusulinids and cri-
noid stems and contain little chert.

TRIPLE HILL AND AREA TO THE EAST

The Campagrande forms a narrow arcuate outcrop
along the west and south borders of the Triple Hill
intrusive body. Near the north end of the outcrop,
a maximum of approximately 315 feet of the forma-
tion is exposed, but to the south the intrusive body
cuts out about half of this section. The base of the
formation is not exposed.

In this area the formation is mostly fine textured
gray limestone, substantially free of sand and other
impurities, and evenly bedded in layers 1 to 5 feet
thick. At certain levels the rock is sandy and mas-
sive, as in uits 4, 6, and 8 of the following section.

SEcTIiON 3.—Partial section of the Campagrande Formation
[North end of Triple Hill; traverse 3 shown on pl. 1]

Thick
Lower Cretaceous—Cox Sandstone: ety
10. Interbedded sandstone and maroon shale; poorly
€XPOSEA .- oo oo e ceccccccmemeemn 21.0
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SEecTION 3.—Partial section of the Campagrande Formation—Con.

Thickness

Lower Cretaceous—Campagrande Formation: (feet)

9. Limestone, gray, bedded in units a few inches to
a foot thick; arenaceous toward top_________
8. Limestone, massive, arenaceous; weathers gray;
small gastropods in upper few feet. Unit
forms bluff__ _______ L _____.
7. Limestone, gray; weathers light gray and yel-
lowish brown; 1- to 5-ft beds; locally nodular.

37.0

Fossiliferous at several horizons_____________ 110.0
6. Limestone, massive, arenaceous, containing small

gastropods; basal 3 ft locally thin bedded and

contains fragments of larger fossils, mostly

Ezogyra?. TUnit forms bluff________________ 24.0
5. Limestone, gray, in beds a foot or less thick;

largely concealed by rubble__.______________ 15.0
4. Limestone, gray, containing small gastropods and

fragments of shells weathering reddish brown;

forms ledge- . ... ____ 9.0
3. Limestone composed of (algal?) nodules 1 to

21in. ACTO8S. - o .. .5
2. Limestone, gray, massive...__________________ 6.0
1. Limestone, gray, fine-textured; dominantly mas-

sive but contains some 1- to 2-ft beds. Basal

2 ft locally silicified along contact with Triple

Hill pluton. Base not exposed._ . ___________ 87.0

Total exposed thickness, Campagrande
Formation___________.______________ 317

Limestone from the lowest unit of the section con-
tains 2.69 percent of insoluble clayey matter, 95 per-
cent calcium carbonate, and 1.46 percent magnesium
carbonate and seems to be fairly typical of the Cam-
pagrande at Triple Hill. In thin section it appears to
be made largely of shell fragments, tests of micro-
fossils, and spherical bodies that are possibly recrys-
tallized oolites. A specimen from unit 4 is dolomitic
(specimen A-111, table 10). In thin section it ap-
pears to be made largely of shell fragments with
scattered whole shells of tiny turreted gastropods.
Most of the fragments have been reconstructed as
mosaics of carbonate crystals that are coarser than the
microcrystalline matrix. The gastropod shells are
likewise reconstructed, but their identity is preserved
by fillings of mesocrystalline calcite and loecally by
veinlets of a brown ferruginous material replacing
some of the lamellae in the original shell. Bits of
iron-impregnated shells weather in relief and give a
false impression of high sand content.

About 8 miles east-northeast of Triple Hill, the
Campagrande forms ledges and low benches along
the base of mesas capped by the Cox Sandstone. The
thickness of the formation in this area is not known
because the contact with the underlying Permian
rocks is concealed and the outcrops are too scattered
to establish a reliable sequence of beds. At least the
upper few tens of feet consists principally of fine-

textured pale yellowish-brown and grayish orange-
pink limestone and minor amounts of limestone pebble
conglomerate. One specimen collected here is an im-
pink limestone and minor amounts of limestone pebble
taining about 15 percent angular quartz silt and fine
sand in a cryptocrystalline matrix of carbonate and
clay minerals. Another (specimen A-106) is a lime-
stone consisting of about 5 percent of turritelliform
gastropod shells, shell fragments, ostracodes, and
small foraminifers in a cryptocrystalline calcite ma-
trix. A third, identified in the field as a fine-grained
sandstone, proved to consist dominantly of miliolid
and other foraminiferal tests mixed with carapaces of
ostracodes and to contain about 10 percent angular
quartz silt and fine sand, all bound together by cal-
cite cement making up about 10 percent of the rock.

UNCONFORMITY AT BASE OF THE CAMPAGRANDE FORMATION

Within the Sierra Blanca area, the base of the
Campagrande Formation is exposed only in the west-
ern Finlay Mountains, where it rests unconformably
on the Leonard Series of Permian age. The hiatus
represents all Triassic and Jurassic time and part of
the Permian and Cretaceous, yet the angular dis-
cordance between beds above and below is only a
few degrees in most places and no more than 25° at
any place.

The unconformity is best exposed in the headwater
reaches of the principal branch of Campo Grande
Arroyo, where limestone, conglomerate, and marlstone
of the Leonard Series are all cleanly truncated along
a remarkably even surface having local relief of a
few tens of feet. Fast of the report area, the uncon-
formity is exposed at many places, especially along
the dissected south border of the Diablo Plateau
(King and Flawn, 1953, p. 99-100, pl. 2-3). There,
the basal Cretaceous deposits rest on rocks older than
the Leonard Series—in some places on the Hueco
Limestone (Pertnian, Wolfcamp Series) and in others
on the Hazel and Allamoore Formations (Precam-
brian). Outliers of the Campagrande farther north
in the Diablo Plateau lie either on Hueco or Bone
Spring (Permian, Wolfcamp or Leonard).

According to P. B. King (1948, p. 140; oral com-
mun., 1948), the surface at the base of the Cretaceous
on the Diablo Plateau is very even and was probably
leveled mainly by subaerial erosion but partly by
marine planation during advance of the Cretaceous
seas. East of the report area, along the crest of the
Sierra Diablo between Victorio and Apache Canyons,
parts of this surface have been stripped of the Cre-
taceous deposits; they stand at altitudes above 6,000
feet and slant westward beneath buttes and mesas
made of the Campagrande Formation.
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By the time the Campagrande sea had spread east-
ward and northward over the Diablo Platform, the
climate of the bordering coastal belt had probably be-
come humid. According to P. B. King (oral com-
mun., 1949), the exhumed surface of unconformity
below beds of Cretaceous age in parts of the Diablo
Plateau is thinly covered by red and brown residual
loamlike material. Pinnacles of the Paleozoic bed-
rock project upward through the loam in places, and
numerous residual nodules of orange-brown chert are
scattered over the surface. If this material is fossil
soil, its color, content of siliceous materials, and rela-
tion to the corroded limestone basement all suggest
weathering under conditions more humid than those
responsible for the caliche and the solution-faceted
pebbles at the base of the Campagrande in the Fin-
lay Mountains.

Along the south border and outlying foothills of
the Diablo Plateau, the Campagrande is heterogeneous
in the extreme. The basal beds apparently represent
a reworked assortment of whatever residual mantle
and alluvial deposits lay in the path of the invading
sea. Most of these deposits are conglomerates of
limestone and chert pebbles and cobbles. In most
places the basal conglomerate is unfossiliferous, but
Richardson (1914) found fragments of Ewogyra in
the sandy matrix of basal conglomerate at Three-Mile
Ridge about 18 miles east of the report area and north
of the Texas and Pacific Railway. This fact suggests
that at least some of the conglomerate is a marine
deposit, perhaps a beach shingle reworked from flu-
viatile gravels. The limestone and marl above the
conglomerates contain foraminifers, algal pebbles,
echinoids, oysters, and gastropods and thus are largely
marine.

COX SANDSTONE
DEFINITION

The Cox Sandstone was named by Richardson (1904,
p. 47) for a butte 15 miles northeast of the town of
Sierra Blanca and east of the report area; this butte
was known as Cox Mountain but now is designated
on most maps as Tabernacle Mountain or Sneed
Mountain. Although named for Cox Mountain, the
formation was defined on the basis of exposures in
the Finlay Mountains, where stratigraphic relations
are somewhat different from those on Cox Mountain.
Subsequently, the name was extended by Baker (1927,
p- 18-20) and was applied to the sandstones in the
disturbed area to the south, where stratigraphic rela-
tions are still different.

The name Cox is used for a heterogeneous body of
sandstone and associated clastic rocks which is varied

in detail and not entirely of the same age from place
to place. The Cox is conformable on the underlying
Campagrande Formation (or the equivalent Bluff
Mesa Limestone) and is conformable beneath the Fin-
lay Limestone.

The Cox Sandstone is exposed around the edges of
the two domical uplifts in the Finlay Mountains,
where its position in the sequence between the Campa-
grande and Finlay is well displayed. Farther east-
ward and northward, it is largely hidden beneath the
Finlay Limestone and younger rocks for several
miles, but it emerges in the structural uplifts of
Granite Mountain, Gunsight Hills, and Triple Hill.
The Cox is at the surface in the northeastern part of
the report area, as at Round Mountain, and from
there extends eastward with interruptions to the type
locality on Sneed (Cox or Tabernacle) Mountain (fig.
1). In the disturbed belt in the southeastern part of
the report area, the Cox forms long prominent belts
of outcrop on Devil Ridge and in the Quitman Moun-
tains, where it lies between the Bluff Mesa and Fin-
lay Limestones.

Two sections in the western and eastern parts of the
Finlay Mountains indicate the character and rela-
tions of the Cox Sandstone there.

SEcTiON 1.—Section of the Cox Sandstone

[Western part of Finlay Mountains; traverse 1 shown on pl. 1. Fossil identifications
by C. C. Albritton, Jr.]

Lower Cretaceous—Finlay Limestone: (feet)
48. Marl, sandy; poorly exposed. . -cocaocoo_-._ 9.0
Lower Cretaceous—Cox Sandstone: ==
47, Sandstone, yellowish-gray, quartzitic, very fine-
grained, cross-laminated.-.. - .. .____ 1.0
46. Sandstone, friable, ferruginous, fine- to medium-
grained. - - .o caaaa 3.5
45. Sandstone, brown, ferruginous, cross-laminated;
caps minor cuesta_ - oo eaao 5.0
44, Unexposed. Slope covered with fragments of
light-brown sandstone and gray limestone.
Limestone contains fragments of Ezogyre and
Gryph@ed. - oo eeeeeee 13.0

43. Sandstone, fine- to coarse-grained, in alternating
hard quartzitic and weakly consolidated beds;
color variable, but mostly near reddish orange;
most layers cross-laminated, containing scat-
tered chert pebbles; joint blocks having hard
rinds of brownish-gray desert varnish____.____ 98

42, Sandstone, friable, interbedded with dark lime-
stone near base; poorly exposed; slope littered
with black shells of Ezogyra tezana Roemer,
Protocardia cf. P. texana Conrad, P. eff. P.
multistriaia Shumard, and Trigonia crenulata
Roemer (not Lamarck) . - oo ccoocceecccameam

41. Limestone, medium-gray, clastic, consisting
mostly of shell fragments cemented with cal-
cite; accessory granules and pebbles of chert;
contains Actaeonella dolium Roemer, Erogyra
texana Roemer, and Protocardia spp- - - <----

22.0
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SecrioN 1.—S8ection of the Cox Sandsione—Continued

Lower Cretaceous—Cox Sandstone—Continued

40.

39.

38.

37.

36.

35.

Limestone, flaggy, arenaceous; shell fragments

abundant, forming coquina lentils toward
base. - ..
Limestone, thinly bedded, gray, containing

Actaeonella dolium Roemer; poorly exposed._._
Sandstone, medium-gray, calcareous; weathers
pale yellowish brown; forms ledge; contains
abundant turritelliform gastropods and scat-
tered fragments of Exogyra sp--._ - _______
Limestone, flaggy, gray, arenaceous, containing
partings of sandy shale; grades downward into
nodular gray and brown limestone crowded
with Actaeonella dolium Roemer._________.___
Limestone and shale, interbedded; partings of
shale crowded with Actaeonella dolium Roemer.
Quartzite, laminated, green___________________

(Sill of hornblende porphyry 12 ft thick.)

34.

33.

32.
31.

30.

29.

28.

27.

26.
25.

24.

23.

22.
21.

20.
19.
18.
17,
16.
15.

14.

13.

12

11.

10

Limestone, gray, nodular, interbedded with
gray calcareous shale; locally crossed by dikes
following minor faults; thickness approximate_

Sandstone, calcareous, gray; contains abundant
Exogyra texana Roemer and Serpula sp_..--__

Shale, gray, sandy._ -« _______

Sandstone, weakly indurated, brown, cross-
laminated - .- - _____________________

Unexposed - - - - - oo

Limestone, dark-gray, mottled brownish on
weathered surfaces. Contains Ezogyra texana
Roemer and Actaeonella dolium Roemer-._._.

Shale, gray, calcareous; contains limestone

Siltstone, yellowish-gray, calcareous, finely lami-
nated; contains Globigerina aff. planispira
Tappan, Anomalina sp., Bythocypris rotundus
Vanderpool, and Paracypris weatherfordensis
"Vanderpool . _ ...

Unexposed _ - - - v oo oo

Limestone, dark-gray, fine-textured, containing
Exogyra sp., Trigonia sp., and Protocardia sp. -

Quartzite, grayish-green, fine-grained, lami-

Shale, silty, dominantly gray; yellowish brown
toward base; contains thin beds of nodular
limestone and calcareous sandstone.._._.____

Sandstone, fine-grained, gray, caleareous_ . _____

Shale, brown, sandy, containing partings of im-
pure limestone_ _ . _ . ____.__.__.

Sandstone, light-brown, quartaitie._.__._______

Shale, sandy - - -« ___.

Sandstone, hard, brown, cross-laminated_._..._

Unexposed . _ - .

Limestone, gray, sandy, nodular._____._______

Shale, brown, sandy, poorly exposed. .. .. ._._.

Sandstone, fine-grained, gray, having brown coat-
ing of desert varnish; contains scattered polish-
ed siliceous pebbles (gastroliths?).._._______

Silt, gray and brown, interbedded with sandy

Thickness

(feet)

50

3.0

1.0

3.0
3.0

45. 0

(=]

(=24

SEctIOoN 1.—S8ection of the Cox Sandstone—Continued

Lower Cretaceous—Cox Sandstone—Continued
9.

-3

v

Siltstone, yellowish-gray, calcareous, grading
downward into laminated pale reddish-brown
calcareous and ferruginous siltstone and very
fine sandstone. Contains ostracodes and
charophytes: Bythocypris rotundus Vander-
pool; Chara spp., and Aclistochara cylindrica

. Sandstone, brown, having dark-brown coating

of desert varnish_ - . _ ..

. Silt and fine sand, interbedded, light-brown..__.
. Sandstone, brown, cross-laminated.._._..__.__
. Silt and fine sand, interbedded, brown, poorly

. Sandstone, brown, quartzitic, containing numer-

ous polished pebbles_ ... ________

. Silt and fine sand, reddish-brown, interbedded

with grayish-red quartazitic sandstone._._.__._._

. Sandstone, gray, weathering brown, cross-lami-

nated, laminae cut by linear borings as much
as lcmin diameter_ - . _____.___.__
Siltstone, pale-brown and pale yellowish-brown,
calcareous, fissile; thin partings of impure
limestone; contains abundant charophytes:
Chara aff. verticellata Peck and Clavator cf.
harrisi Peck. Poorly exposed, thickness ap-
ProxXimate. - - oo oo eoeooo

Thickness
(feet)

22.0

2.5

Total thickness_ .o ____

Lower Cretaceous—Campagrande Formation:
Limestone, gray.

SEcTION 2.—Section of the Cox Sandstone

[Eastern part of the Finlay Mountains; traverse 2 shown on pl. 1. Fossil identi-

Lower Cretaceous—Finlay Limestone.
Lower Cretaceous—Cox Sandstone:
57.

56.
55.
54.
53.

52.
51.
50.
49.
48.
47.
46.
45.

44,

fications by C. C. Albritton, Jr.]

Sandstone, brown, cross-laminated, quartzitic
toward base- c ccccmace et eaeeee

Unexposed- - cco oo eeeaee
Sandstone, medium-grained, grayish-orange (be-
neath brown rind of desert varnish), cross-
laminated; contains rounded pebbles of milky
quartz in lentils or as scattered individuals_ __
Unexposed. - - ccecemme e ceeeceenaeaaa
Sandstone, thinly bedded, ferruginous__._.......
Unexposed, except for scattered sandstone
outcrops near base . - - o cc oo
Limestone, fragmental, gray, consisting largely of
shell fragments; ccntains Actaeonella doli
Roemer and Ezxogyra texana Roemer...._._..
Unexposed. - o cc oo mree e
Sandstone, brown, quartzitic- - - - oo _.._.
Limestone, yellowish-gray, marly, interbedded
with nodular limestone_ oo ceccaaoaaaa.
Limestone, gray, nodular, containing Ezogyra
texana Roemer. ..o oo
Sandstone, brown, cross-laminated; caps minor

Thickness
(feet)

17.0

40
19.0
L5
16. 0
20.0

8.5



SectioNn 2—Section of the Cox Sandstone—Continued

Lower Cretaceous—Cox Sandstone—Continued
43.

42.

41.
40.
39.

38.
37.

36.

35.
34.
33.

32.
31.
30.
29.

28.
27.

26.

25.
24.

23.
22.

21.
20.

19.
18.
17.
16.

15,

14.
13.
12,
11.
10.
. Marlstone, pale yellowish-brown, silty, gypsifer-

CRETACEOUS SYSTEM

Unexposed. Blocks of limestone crowded with
Actaeonella dolium Roemer weather from near
topof unit. - oo

Limestone, gray, arenaceous; numerous shell
fragments. o aee oo

Unexposed- - - o cccac oo

Sandstone, gray, calcareous; weathers brown__.

Mostly unexposed. Scattered outcrops of fine-
textured medium-gray nodular limestone con-
taining turretelliform gastropods and shell
fragments_ - e -

Quartzite, fine-grained, reddish-brown, pebbly._ _

Sandstone, brown, cross-laminated, having thin
layer of pebble conglomerate locally at base.- - .

Shale, gray, sandy, containing nodules of medium
dark-gray limestone. _ _ oo oo L _______

Sandstone, quartzitic, fine-grained, dark-gray_._.

Unexposed. - - - - oo e em oo

Sandstone, brownish, in units between a fraction
of an inch and 2 ft thick; thicker beds are
cross-laminated, foreset laminae dipping to-
ward west and southwest; caps minor cuesta..

Unexposed - - - - o oo e

Quartzite, fine-grained, gray - ________

Shale, reddish-brown, sandy, poorly exposed._._

Sandstone, coarse-grained, brown, cross-lami-
nated; foreset beds inclined toward west and
southwest; caps cuesta_____________________

Unexposed - . oo oo oo e

Sandstone, gray, caleareous, grading upward into
nodular arenaceous limestone_______________

Sandstone, medium-grained, gray, brown-weath-~
ering, containing scattered pebbles of lime-

Unexposed; probably sandy shale_ . ___________
Sandstone, light-gray, fine-grained -cross-lami-
nated; weathers dark yellowish brown; foreset
beds dip toward the west.. . cceoeoomooo .o
Shale, yellowish-brown, sandy, poorly exposed. .
Sandstone, fine-grained, quartzitic, brown (be-
neath dark-brown rind of desert varnish); caps

Shale, reddish-brown, sandy, poorly exposed. ...
Sandstone, quartzitic, reddish-brown, fine-
grained . . _________.

Sandstone, fine-grained, brown.__ ... _._______.
Shale, yellowish-brown, sandy . ... ___.___
Sandstone, fine-grained, gray; weathers light

Shale, yellowish-brown, sandy, containing abund-
ant nodules of white and pink gypsum several
inches aeross .- ..

Limestone, fine-textured, gray; weathers brown.

Shale, light-brown.__ ... ____________._.__.

Limestone, fine-textured, gray; weathers brown_._

Shale, light-brown._ . . _.________.____________.

Limestone, gray, argillaceous_ _ _____._________

11

22.
46.
18,

16.
18.

40.

10.

30.

22,

ooo

Thickness
(feet)

W orw

(=) R = )

[y}

[ R } [l

(5]

oo Cwum O
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SectioN 2.—Section of the Cox Sandstone—Continued

Thickness

Lower Cretaceous—Cox Sandstone—Continued (feet)

8. Siltstone, light olive-gray, calcareous; encloses
nodules of milky gypsum as much as half an

inch in diameter_ . _ . _ . _._. 4.0
7. Gypsum, white, silty . - . __ 2.5
6. Siltstone, gray, caleareous..________________.__ 6.0
5. Siltstone, yellowish-gray, caleareous; contains
Praechara voluta Peck and Cypridea aff. C.
wyomingenstis Jones. - oo 2.5
4. Sandstone, fine-grained, light-gray; weathers
brown; contains pebbles of sandy limestone.. 2.0
3. Siltstone, pale yellowish-brown, calcareous, con-
taining abundant ecrystals of selenite and
rosettes of salmon-colored gypsum; also con-
tains poorly preserved charophytes, foramin-
ifers, and ostracodes (Perimneste? sp., Conor-
bina? sp. and Cyprided 8P.) « -« o oo oooo 30.0
2. Limestone, gray, arenaceous .. .- 1.5
1. Silt, brown, gypsiferous_ oo oo _____ 12.5
Total thickness_ _ .- ______-__.__ 549

Lower Cretaceous—Campagrande Formation:
Limestone, gray.

SEDIMENTARY FACIES

The Cox Sandstone is lithologically heterogeneous,
consisting of three sedimentary facies that interfinger
in a complex manner (fig. 39).

Siltstone-shale facles

West of a line through Yucca Mesa and Triple Hill
and north of a line connecting Yucca Mesa with
Campo Grande Mountain, shale and siltstone are dom-
inant. They are concentrated in the lower half of
the formation and are interbedded with sandstone and
limestone in the upper half (pl. 6). In the Finlay
Mountains the lower part of the formation contains
scattered crystals and nodules of selenite and at least
one lentil of rock gypsum. Wells drilled at the Gun-
sight Hills and to the west also penetrated gypsifer-
ous shale toward the base of the formation.

Sandstone-quartzite facles

East of the area of siltstone and shale and north of
the Red Hills thrust, sandstone and quartzite are
dominant. The exposures at Triple Hill are transi-
tional between the sandy and the shaly facies. Here
the rock is dominantly sandstone, but about a fourth
of it consists of shale and siltstone. As in the area
to the west, the finer clastic rocks are concentrated in
the lower half of the formation.

At Round Mountain, Yucca Mesa, and Devil Ridge,
sandstone forms 93 percent or more of the Cox, and
limestone and shale, the remainder. The sandstone
becomes perceptibly coarser, more persistently cross-
bedded, and more pebbly toward the east, in expo-
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sections of the Cox Sandstone in the Sierra Blanca area.

sures along the southern part of the Diablo Plateau.
It is better indurated and more quartzitic in Devil
Ridge than to the north.
Limestone-sandstone facies

In the southern part of the Quitman Mountains,
the formation is about half limestone and half sand-
stone; shale and siltstone make up no more than 4
percent. In general, the lower fourth is dominantly
quartzitic sandstone; the middle half is limestone;

and the upper fourth is interbedded sandstone and

quartzite.
THICKNESS

The Cox Sandstone is notably uneven in thickness,
ranging from 450 feet at Triple Hill to about 1,300
feet in the Eagle Mountains east of the map area
(Smith, 1941, p. 72; Gillerman, 1953, p. 21). It has
a general pattern of northward thinning and also thins
along an axis extending northward from Yucca Mesa
through Triple Hill. Thickness changes in relation
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to this axis may be observed along the strike of the
beds in the upper plate of the Devil Ridge thrust.
Continuation of the axis of thin sandstone to the
north of Triple Hill is uncertain because of lack of
exposures and drill data. Available well data indi-
cate that the Cox is about 560 feet thick at the Gun-
sight Hills and about 500 feet on the plateau between
Granite Mountain and the Finlay Mountains. (See
interpretive logs.)

On the south side of Yucca Mesa, the Cox is 557
feet thick, but it increases to 1,043 feet about 2 miles
to the southeast in Devil Ridge (pl. 4) and remains
between 1,000 and 1,300 feet farther to the east. At
Campo Grande Mountain it is 700 to 740 feet thick,
and in the Finlay Mountains, 540 to 675 feet thick.

LITHOLOGY

The sandstone and quartzite of the Cox consist
principally of angular to subrounded quartz grains
but contain 2 to 5 percent of detrital chert. Some
thin layers contain many shell fragments, and many
beds of fine-grained quartzite contain minute grains
of a birefringent and weakly pleochroic mineral,
probably glauconite, which imparts a greenish cast
to the rock. The sand grains are very fine to coarse,
the fine and medium grades predominating, and are
well sorted in most beds. In most of the rocks, the
grains have secondary overgrowths of quartz; where
these are strongly developed, the rock is quartzitic;
elsewhere it is friable and in part cemented by calcite.
Limonitic films, possibly derived by oxidation of au-
thigenic pyrite, cover many of the quartz grains and
give the sandstone a mottled to uniformly brown color.
Commonly, this rusty material is secondarily con-
centrated on weathered surfaces as hard rinds several
inches thick.

Much of the sandstone is cross-laminated. Sets of
laminae a few inches to several feet thick lie between
more gently dipping plane surfaces of erosional ori-
gin. Some of the erosional surfaces are irregular,
and sections of shallow channels several feet across
are preserved beneath them. The thinner layers of
sandstone and quartzite ordinarily show minute cross-
laminations like those of rippled sediments, and their
bedding surfaces are marked by both oscillation and
current ripples. The sandstone beds are mostly 1 to
3 feet thick, but some are as much as 20 feet. Indi-
vidual beds ordinarily cannot be traced for distances
of more than a few hundred yards, although groups
of lenticular sandy beds may persist for several miles
at about the same stratigraphic level.

Pebbles of limestone, milky quartz, and gray chert
an inch or two across are scattered through many of

the beds and locally form lentils of conglomerate.
In general, this coarse material is more abundant in
the west than in the east. Beds of conglomerate as
much as a foot thick are fairly common at Devil
Ridge and along the edge of the plateau farther
north.

Both biogenic and clastic limestones occur in the
Cox. Accumulations of large benthonic shells locally
form lentils or whole beds. The clastic limestone con-
sists of such shells and their fragments, mixed with
sand and finer detritus. The two types intergrade,
but the clastic varieties are more common.

The clastic limestone is gray, fine textured, and un-
evenly bedded in layers a fraction of an inch to sev-
eral feet thick. In some places it forms partings in
the thicker argillaceous and sandy sequences; else-
where, it forms units 75 to 100 feet thick. Much of
the finer textured material is lumpy or nodular.
Grains of quartz commonly stand in relief on weath-
ered surfaces, and in some outcrops they outline a
cross-lamination. Some of the limestones are not
megascopically clastic, but microscopically they con-
sist of fossil fragments and fine-grained quartz sand
in a matrix of microcrystalline calcite.

The biogenic limestones are formed largely of pe-
lecypods and gastropods. In the Finlay Mountains,
large exogyrate oysters and globular snails form
lenses several inches thick at various horizons near the
top of the formation. At Campo Grande Mountain
and in the southern Quitman Mountains, some beds
several feet thick consist largely of rudistids.

Fine-textured rocks made up dominantly of angular
quartz silt are most common in the lower half of the
formation in the Finlay Mountains. They form units
a few feet to more than 100 feet thick, the thicker
ones generally containing partings of limestone, sand-
stone, and quartzite. Many of the siltstone beds are
laminated.

Component quartz grains in most places are coated
with an iron oxide that imparts pale-yellowish or red-
dish-brown tints to the aggregate and makes the rock
friable. Some of the siltstone has a calcite cement,
which holds the grains together more firmly. Total
carbonate content of the calcareous siltstone in our
specimens ranges from 12 to 37 percent.

The shale is laminated and fissile, consists domi-
nantly of clay containing 5 to 25 percent of admixed
quartz silt and sand, and weathers reddish brown or
yellowish brown. The shale forms filmy partings be-
tween limestone or sandstone beds and also forms
units as much as 50 feet thick, the thickest occurring
at Campo Grande Mountain, where shale makes up
most of the lower half of the formation. The shale
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generally contains a little calcium carbonate and,
where interbedded with limestone, scattered calcareous
nodules several inches across.

Marl is a scarce rock type in the Cox. Two units
(9 and 56) in stratigraphic section 2 in the eastern
part of the Finlay Mountains are gray to pale yellow-
ish brown, break with an earthy fracture, and consist
of clay and accessory fine silt bound together with
calcium carbonate. Analyses indicate that carbonate
minerals make up about half of both of these units.
No megafossils or microfossils were seen.

RELATION TO BLUFF MESA LIMESTONE AND CAMPAGRANDE FORMATION

The contact between the Cox Sandstone and the
underlying Bluff Mesa Limestone or Campagrande
Formation is a sharply defined and conformable sur-
face separating limestone below from sandstone and
quartzite above. Even in the southern Quitman
Mountains, where the Cox contains much limestone,
the basal beds are largely of sandstone and quartzite,
and the contact with the Bluff Mesa is reasonably
sharp. This sharp contact, however, cannot be at the
same horizon everywhere. Detailed sections meas-
ured along Devil Ridge show that the two formations
interfinger and are partly equivalent (section 7, pl. 4).
In the lower part, the Cox Sandstone contains much
calcareous sandstone that probably grades laterally
into the upper part of the Bluff Mesa Limestone on
Yucca Mesa, as shown in section 6, pl. 4. TFarther
southeast, the thickness remains constant (pl. 4), but
the lower part of the Cox is not as calcareous. In
the two formations together, limestone decreases and
sandstone increases southeastward.

FOSSILS

Although the Cox is on the whole less fossiliferous
than the formations above or below, its fossils are
ecologically more diverse, including remains of ter-
restrial and aquatic plants as well as assemblages of
marine invertebrate animals. In the southern part
of the Quitman Mountains, where the formation is
thickest and most calcareous, marine gastropods and
pelecypods occur throughout the sequence, and only
marine fossils have been found. Farther north, this
marine fauna is restricted to the upper part of the
formation, and the lower part contains little except
charophytes, ostracodes, and silicified wood.

Fossils are most abundant and best preserved in the
western part of the Finlay Mountains, from which
most of our collections were made. Identifications
were made by Albritton.

Charophytes
In the western part of the Finlay Mountains, the
basal 104 feet of the Cox contains abundant charo-
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phytes. Most of the oogonia are not enveloped in
utricles, and most have the closed summits character-
istic of the genus Chara. Specimens average about
0.37 mm long and 0.34 mm in diameter. Fxcept for
their smaller size and slightly more globular form,
they are like Chara verticillata Peck from the Mor-
rison Formation of Late Jurassic age of Wyoming
(Peck, 1937, p. 84-85). A few specimens, completely
enveloped in utricles, show the bilateral symmetry
and the pattern of ridges and furrows that identify
them as Clavator. These specimens measure about
0.48 mm long and 0.35 mm thick. Except for their
smaller size, they are like C. harrisi Peck, a species
in the Glen Rose Limestone of Early Cretaceous age
of Texas (Peck, 1941, p. 292-294).

At least three species are present in unit 9 of Cox
Sandstone section 1 measured in the western part of
the Finlay Mountains. One is Aclistochara cylindrica
Peck, previously reported from Idaho and Wyoming
in the Bear River Formation and Draney Limestone
of Early Cretaceous age (Peck, 1941, p. 292-294; 1957,
p- 38). Two are species of Pracchara: one may be
P. voluta Peck, which occurs in the Upper Jurassic
Morrison Formation and Lower Cretaceous Aptian
formations and Bear River (Albian) Formation in
the Rocky Mountain region (Peck 1957, p. 39); the
other resembles an unnamed species described by Peck
(19317, p. 85-86; 1941, p. 289) from the Kootenai For-
mation of Early Cretaceous age in Montana.

Tiny oogonia of Praechara wvoluta Peck occur in
the eastern part of the Finlay Mountains in unit 5 of
stratigraphic section 2 about 50 feet above the base of
the Cox, and a single specimen of Perimneste? sp.
was found in unit 3.

Petrified wood

Silicified logs and branches as much as several feet
long and 10 inches across are common in sandstone
beds in the north half of the Sierra Blanca area. In
the Finlay Mountains the wood is principally in the
lower half of the formation and in the upper 110
feet. At Campo Grande Mountain it is confined to
the upper 85 feet of the formation. The logs lie
about parallel with the bedding, and none occur in
position of growth.

Foraminifers

The only foraminifer found in the lower half of
the formation came from the western part of the
Finlay Mountains. It is a trochoid test that is not
well enough preserved to permit positive assignment
to genus but has the general shape of Conorbina.
Samples from 415 feet above the base in the upper
half of the formation contain scattered tests of frag-
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mental Anomalina and Glodbigerina. The latter re-
semble Globigering almadenensis Cushman and Todd
from the Franciscan Formation of Jurassic and Cre-
taceous age of California and . planispira Tappan
from the Washita Group of Texas—they have the
roughened surface of the California species and the
smaller dimensions of the Texan species.

Gastropods

Actaconella. dolium Roemer is one of the most
abundant gastropods and certainly the largest species.
Specimens range in height from 50 to 120 mm and are
of ovate type; those from the Sierra Blanca area dif-
fer somewhat from the typical form (Stanton, 1947,
p- 110). The species occurs from about 430 to 535
feet above the base of the formation in the western
part of the Finlay Mountains and from 405 to 475
feet above the base in the eastern part. The species
is common on Campo Grande Mountain between 50
and 345 feet below the top of the formation but is
missing from the upper 190 feet farther north around
Thaxton Spring (pl. 6). At Devil Ridge the species
is common 350 feet below the top of the formation,
and in the southern part of the Quitman Mountains
it ranges from near the bottom to near the top. De-
spite its erratic distribution, the species is at present
the best index fossil for the Cox Sandstone.

Large gastropods associated with Actaeonclla are
mostly internal molds for which even generic assign-
ments are doubtful. They include Lunatia? prae-
grandis (Roemer) and L.? pedernalis (Roemer), both
of which are common in the Glen Rose Limestone of
central Texas. 7ylostoma probably is represented by
several indeterminate species. Rarely, also, there is
an Amauropsis that closely resembles A. pecosensis
Adkins but is smaller.

Sections of Twrritella show on weathered limestone
surfaces, and short segments of a large Nerinea (cf.
N. aquilina Stanton) weather from some of the lime-
stone beds.

Pelecypods

Among the pelecypods, Exogyra texana Roemer is
the most common; it is generally associated with the
Actaeonello but has a greater range, as it extends
through the upper part of the Cox and into the Fin-
lay Limestone. Individual shells are 50 to 80 mm
long and 40 to 60 mm wide. Suites of specimens
show all the variations in shape and sculpture for
which this species is well known. ZE. texana var.
weatherfordensis Cragin may also be present; how-
ever, even the smallest shells found are considerably

larger than the types of this variety, and they lack
the large attachment scars and relatively smooth sur-
faces supposed to be characteristic of the variety.

The beds that contain Ezogyra also contain some
other pelecypods. These include numerous well-pre-
served 7'rigonia crenulata Roemer (not Lamarck) in
the Finlay Mountains and large Caprina sp. in the
southern Quitman Mountains. Ostrea aff. franklini
Coquand, O. cf riograndensis Stanton, Gryphaea? sp.,
and Pecten spp. are known only from scattered frag-
ments. Protocardia cf. tewana Conrad and P. aff.
multistriata Shumard are represented by a few whole
shells and many molds. A variety of molds probably
includes Cyprimeria, Unicardium, Cardiwm, Homom-
ya, and Gervillio.
Cephalopods

Although a careful search for ammonites was made
in the more fossiliferous parts of the formation, none
were found in place. A few fragments of Zngono-
ceras sp. were found in loose limestone that appar-
ently came from the upper part of the Cox.

‘Worms

Wherever pelecypods are abundant, the calcareous
tubelets of Serpula are also likely to be found. In-
dividual tubes are sinuous and are 1.5 to 4 mm in di-
ameter. Some encrust clam shells; others are inter-
woven to form pebble-sized masses embedded in lime-
stone.

Ostracodes

The calcareous siltstones of the Finlay Mountains
commonly contain numerous ostracodes. A species of
Cypridea, closely allied to and possibly identical with
C. wyomingensis Jones, occurs in the lower 50 feet of
the section in the eastern Finlay Mountains. This
species is widely distributed throughout the non-
marine deposits of Early Cretaceous age in the Rocky
Mountains (Peck, 1941). Bythocypris rotundus Van-
derpool ranges through roughly the middle third of
the Cox Sandstone in the western part of the Finlay
Mountains. It is abundant at an horizon about 190
feet above the base of the Cox, where it is associated
with charophytes. Some 230 feet higher in the sec-
tion, the same species is found in association with fo-
raminifers and also with the ostracode, Paracypris
weatherfordensis Vanderpool. Both of these ostra-
codes are abundant in the Glen Rose Limestone of
northern Texas (Vanderpool, 1928, p. 102, 106).
Possible gastroliths

Rounded quartz pebbles with exceptionally smooth
and polished surfaces are common in the Cox Sand-
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stone of the Finlay Mountains, especially in the lower
275 feet. Possibly these pebbles are gastroliths of
aquatic terrestrial reptiles, but no bones or tracks of
vertebrate animals were found.

AGE AND CORRELATION

Of all the units in the Sierra Blanca area, the Cox
Sandstone seems to transgress time boundaries most
markedly, extending from probable Trinity age in the
south to late Fredericksburg age at Sierra Prieta
north of the report area (Adkins, 1932, p. 354).

At the south end of the Quitman Mountains, about
15 miles south of the report area, Scott (1939, p. 978)
tentatively correlated a unit he called Glen Rose with
the upper part of the Glen Rose and Paluxy Forma-
tion of Louisiana. A rapid reconnaissance and study
of aerial photographs suggest that Scott’s Glen Rose
of the Quitman Mountains is equivalent in part at
least to the Cox Sandstone of the Sierra Blanca area;
thus, part of the Cox in the southern part of the re-
port area is probably of Trinity age.

In the northeastern part of the area, the contact
between the Cox and the overlying Finlay Limestone
is gradational, and sandstone in the Finlay is like
that in the Cox and becomes more abundant farther
northeastward. Limestone of the Finlay is missing
still farther northeastward at Sierra Prieta (Adkins,
1932, p. 8354) where post-Finlay units rest on the Cox;
here the Cox evidently is the lateral and time equiva-
lent of the Finlay of Fredericksburg age.

Actaeonella dolium Roemer, a common fossil in the
Cox, is reported only from Fredericksburg strata
(Stanton, 1947, p. 110). As it occurs within about
100 feet of the base of the formation in the southern
part of the area, it may have a longer range than has
been recognized. As mentioned previously, Stanton
(1947, p. 110) reported that specimens from this area
differ somewhat from the typical form. If this fossil
is restricted to Fredericksburg rocks, only the lower
100 feet of the southern outcrops of Cox can be of
Trinity age.

CONDITIONS OF DEPOSITION

The Cox Sandstone comprises marine, littoral, and
related nonmarine sediments deposited during parts of
Trinity and Fredericksburg time by the northward
spreading sea whose history we have been following.
The northward advance of this sea was not simple but
was interrupted many times, as shown by the alter-
nate transgressive and regressive shallow water de-
posits and even nonmarine deposits of the Cox. In
general, however, the littoral or nonmarine sand facies

becomes younger northward, and the more purely
marine deposits of the upper part of the Cox and the
overlying Finlay Limestone followed in succession.

The change from marine to littoral and continental
deposits is reflected broadly in the change from a
thicker limestone-sandstone facies in the south to a
thinner sandstone and siltstone facies in the north and
in the general coarsening of the sandstone from Devil
Ridge northward. The fossils indicate that whereas
all or nearly all the section in the southern part of
the Quitman Mountains is marine, in the north only
the upper part is marine. The contrast between ma-
rine and nonmarine assemblages of fossils is particu-
larly striking in the Finlay Mountains, where fresh-
water ostracodes and fresh- or brackish-water
charophytes in the lower half of the formation are
succeeded by marine pelecypods and gastropods in
the upper half. Gypsiferous red beds in the lower 90
feet suggest deposition in strongly saline lagoons bor-
dering the shore.

Persistence of marine fossils in the upper part of
the formation indicates that the Mexican sea covered
most or all the area by the end of Cox time. Actaco-
nelle has been found at Granite Mountain, in the
northernmost exposures of the Cox Sandstone in the
Sierra Blanca area.

The abundant trunks and branches of trees in the
northern deposits of sandstone represent driftwood
transported by currents along nearby shores or
brought to the sea by rivers. Although we made no
statistical analysis of cross-lamination in the sand-
stone, observations of many foreset beds and current
ripples along the Diablo Plateau and the Finlay
Mountains indicate that the prevailing currents moved
toward the west.

FINLAY LIMESTONE
DEFINITION AND GENERAL FEATURES

The Finlay Limestone was named by Richardson
(1904, p. 48) for exposures “in the outer rim of the
Finlay Mountains,” without indicating a specific type
locality. He described it in most general terms and
noted that it consists almost entirely of massive gray
nonmagnesian limestone with local partings of brown
sandstone. He did not observe the top of the forma-
tion in the Finlay Mountains area but estimated the
minimum thickness as 300 feet. The Finlay has a
conformable and gradational contact with the under-
lying Cox Sandstone and a conformable contact with
the overlying Kiamichi Formation.

The Finlay Limestone is the most extensively ex-
posed formation in the Sierra Blanca area. It caps
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nearly all the Diablo Plateau, forms an outer ring
of cuestas and buttes around the Finlay Mountains,
and crops out on Triple Hill, Flat Mesa, Texan
Mountain, Devil Ridge, and in the southern part of
the Quitman Mountains.

The Finlay also is the most uniform of the Meso-
zoic formations in the area. South of the Diablo
Plateau, it consists almost entirely of hard gray lime-
stone, but on the plateau the limestone is interbedded
with marl. The hard limestone layers generally
weather in relief above the marl and nodular lime-
stone, and the flat-lying strata of the plateau thereby
form series of steps on the sides of the mesas. The
formation contains a little sandstone, which increases
in quantity northeastward and forms thin layers and
lenses on the plateau. The large foraminifer, Dic-
tyoconus walnutensis (Carsey), occurs in the lime-
stones over the entire area, and rudistids are abun-
dant, especially on the Diablo Plateau.

Like all the older Cretaceous formations, the Fin-
lay thins northward, from about 510 feet in the
southern Quitman Mountains to about 130 feet at the
northeast edge of the Sierra Blanca area. The Finlay
is absent at Sierra Prieta, about 6 miles northeast of
the report area (Adkins, 1932, p. 345), and must
wedge out a little southwest of Sierra Prieta.

LITHOLOGY
Finlay Mountains

The Finlay Limestone is slightly less than 200
feet thick in the Finlay Mountains, the type area,
and the lithology is more complex than Richardson
indicated. In the eastern part of the mountains, it
consists of about 52 percent limestone, 46 percent
marl, and 2 percent sandstone. Farther west, the
formation is less marly and consists of about 74 per-
cent limestone, 25 percent marl, and 1 percent sand-
stone. From the outcrops, however, one gains the
impression that the formation is a massive limestone.
Toward the top, several massive limestone beds form
cliffs 10 to 20 feet high and make a caprock which
is the only part of the sequence that is everywhere
well exposed. The marly beds and thin-bedded lime-
stones below the cap in most places are covered by
rubble.

The following two measured stratigraphic sections
illustrate the more marly and the less marly facies in
the eastern and western parts of the Finlay Moun-
tains. In neither is the top preserved, but the first
section is the more complete and may be taken as the
reference section.

SEcTION 18.—Reference section of the Finlay Limestone
[Eastern part of Finlay Mountains, at conical hill in headwaters of Gardner Draw;
traverse 18 shown on pl. 1. Fossil identifications by C. C. Albritton, Jr.]
Finlay Limestone (top not exposed): T"(i}f,'f)‘“

21. Limestone, yellowish-gray, fine-textured;
weathers grayish orange. Contains abundant
Caprina sp. as much as a foot long; shells and
shell fragments make up about a third of the
rock. Forms caprock along south border of

Diablo Plateau and outlying mesas nearby.___ 16.0
20. Marl, gray, sandy . - . ___________ 13.0
19. Limestone, fine-textured, dark-gray; in beds 1 to

5 ft thick; nodular toward base__.___________ 19.0
18. Marl, gray - - - oo oo 12. 0
17. Limestone, fine-textured, dark-gray, nodular._.. 5.0
16. Marl, gray, grading upward into nodular lime-

stone._ . 7.0
15. Limestone, fine-textured, nodular, gray.._.___.__ 40
14. Marl, gray; poorly exposed___._______________ 22.0
13. Limestone, fine-textured, gray, nodular.._.____ 6.0
12. Limestone, yellowish-gray, marly_____________._ 10. 0

11. Sandstone, light-brown, medium-grained, cal-
careous; grains subrounded; laminated rock
containing trails and casts of invertebrates on
bedding surfaces. Contains scattered frag-
ments of oystershells.. . __.________ 3.0

10. Limestone, yellowish-gray, marly; breaks into
irregular fragments. Contains Pecien sp. and
Ezogyra texana Roemer. Microfossils abund-
ant; Haplophragmoides globosus Lozo, Ammo-
baculites laevigatus Lozo, and Eponides sp.—
the most common foraminifers; Bythocypris sp.
aff. B. rotundus Vanderpool, Paracypris siliqua
Jones and Hinde, and Cythereis sp. aff. C.
nuda (Jones and Hinde)—the most common
ostracodes. .- - . 26.0

9. Limestone, light olive-gray; weathers grayish
orange. Contains Ezogyra tezana Roemer,
numerous echinoid plates and spines, and
arenaceous foraminifers, including Ammobacu-
lites sp. aff. A. humei Nauss________________ .5

8. Marl, poorly exposed._ - - - ooo.__ 12. 0

7. Sandstone, very fine grained, grayish-orange
pink; weathers light brown; cemented by
calcium carbonate and quartz; laminated,
partings 1to 5 mm apart. Contains scattered
shell fragments, echinoid spines, foraminifers
and trails and casts of invertebrates._______.__ .5
6. Marl, gray to buff, interbedded with medium
light-gray magnesian limestone. About half
the limestone consists of fragments of gastro-
pods and pelecypods and of arenaceous foram-
inifers (Lituola) - - - _ oo oc oo ..

5. Limestone, fine-textured, medium-gray; weathers
to light olive gray; nodular. Contains numer-
ous shell fragments. - -

4. Marl, gray. Contains abundant microfossils;
Ammobaculites laevigatus Lozo and other lituo-
lids—the most common foraminifers; Cyth-
eridea amygdaloides var. brevis (Cornuel),
Cytheridea goodlandensis Alexander, and Cyth-
eropteron tumidum Alexander—the most com-
mon 08tracodes. - cccccnmcmcna e

80

7.0



72 GEOLOGY OF SIERRA BLANCA AREA, HUDSPETH COUNTY, TEXAS

SEcTION 18.—Reference section of the Finloy Limestone—Con.

Thickness
(feet)

Finlay Limestone (top not exposed)—Continued
3. Sandstone, fine-grained, cross-laminated, quartz-
itic; very pale orange spotted with grayish
orange; contains scattered grains of chert; in
beds a fraction of an inch to 6 in. thick; oscilla-

tion ripples on bedding surfaces__.___.______

2. Marl, gray. Contains abundant microfossils;
Ammobaculites subcretaceus Cushman and Alex-
ander and Discorbis sp. cf. D. minima Vieaux—

the most common foraminifers; Cytherella fred-
ericksburgensis Alexander and Cytheridea spp.—

the most common ostracodes_.__ . ________

1. Limestone, gray, sandy, grading into calcareous
sandstone at base. Contains turritelliform
gastropods. . - - _ oo .

2.0

Total exposed thickness_____________
Cox Sandstone.

SEcTION 1.—Section of the Finlay Limestone

[Western Finlay Mountains, due west of Wilkie Ranch house; traverse 1 shown on
pl. 1. Fossil identifications by C. C. Albritton, Jr.]

Finlay Limestone (top not exposed): T’z";f;‘)‘“
26. Limestone, fine-textured, gray; contains numer-
ous shell fragments________________________ 2.0

25. Unexposed; gentle slope covered with limestone
fragments_ - - o .
24. Limestone, fine-textured, gray; contains abun-
dant pelecypods and gastropods. Forms cap
of euesta. ...
23. Limestone, nodular, gray; weathers to gentle
slope. Contains Tylostoma tumidum (Shu-
mard), T. elevatum (Shumard), Nerinea sp.,
Protocardia texana Conrad, and fragments of
oysters (Ezxogyra texana? Roemer). . _________
22. Limestone, fine-textured, gray; nodular, in four
beds of about equal thickness, separated by
undulating bedding planes; contains rudistids.
Caps minor cuesta. .. . oo
21. Mostly unexposed; ledges of nodular gray lime-
stone crop out in places_ - - _____.___.___._._
20. Limestone, fine-textured, laminated (in two beds
separated by undulatory surface) light olive-
gray; weathers pale yellowish brown. About
half of rock consists of shell fragments, echi-
noid plates and spines, and microfossils. Dic-
tyoconus walnutensis (Carsey) seen on weath-
ered surfaces; Coskinolinoides texanus Keijzer
and miliolid foraminifers in thin section..._._
19. Limestone, nodular; poorly exposed._.._...____
18. Limestone, light olive-gray, containing scattered
cubes of pyrite and many fragments of
pelecypod shells_ _ - _ . __________
17. Limestone, gray, nodular; poorly exposed,
weathering to gentle slopes. Contains Enal-
laster mexicanus Cotteau, Tylostoma tumidum
(Shumard), 7. elevatum (Shumard), and Cersthi-
um diversecingulatum Stanton___________..___
16. Limestone, pale yellowish-brown, fine-textured;
weathers grayish orange; massive toward base,
nodular toward top_-- ... ____________

2.0

4.0

14.0

7.0

8.0

3.0
3.0

3.0

12.0

SEcTiOoN 1.—Section of the Finlay Limestone—Continued

Thickness
(feet)

Finlay Limestone (top not exposed)—Continued
15. Limestone, marly, white, soft and chalky, break-
ing with an earthy fracture. Contains Enal-
laster mexicanus Cotteau, Tylostoma elevatum
(Shumard), and casts of large pelecypods.
Abundant microfossils; Barkerina barkerensis
Frizzell and Ammobaculites laevigatus Lozo—
the most common foraminifers; Bythocypris
Spp., Paracypris siligua Jones and Hinde, and
Cytherets sp. aff. C. nuda (Jones and Hinde)—
the most common ostracodes_ - _ _.__________ 20.0
(A sill of dark hornblende porphyry 7.5 ft thick occurs
locally at this horizon.)
14. Marl, brown, interbedded with dark-gray nodular
limestone. Contains abundant microfossils;
Discorbis and Eponides—the most common
foraminifers; Cytherella  fredericksburgensis
Alexander and Paracypris siliqua Jones and
Hinde—the most common ostracodes..___._. 12.
13. Limestone, fine-textured, dark-gray._ ... ______
12. Marl, gray, silty - - - - . 6.
11. Limestone, dark-gray, brown-weathering_______ 2.
10. Limestone, nodular, gray, interbedded with gray
marl. Contains Ezogyra texana Roemer,
Protocardia texana Conrad, Cardium? sp., and
Lunatia? praegrandis (Roemer) . _._._______ 3.0
9. Limestone, pale yellowish-brown, fine-textured,
sandy; weathers yellowish gray; breaks con-
choidally. Containg shell fragments and
echinoid spines_ - oL
. Marl, gray_ . ___.
. Limestone, gray; contains numerous shell frag-
ments and arenaceous foraminifers_ .. _..___.
Marl, gray. - oo 4,
Limestone, nodular, gray._ .. .. ________
Marl, silty, gray - - oo oo 1.
Limestone, nodular, gray, containing Ezogyra
texana Roemer, Gryphaea mucronata Gabb,
Lunatia? pedernalis (Roemer), and fragments
of Engonoceras. Caps cuesta___.___________ 33.0
2. Sandstone, very fine grained, calcareous, grayish-
[0 42907 N 1.0
1. Marl, sandy; poorly exposed___ - ________._.

oMo

W N
oCwmow wtten

Total exposed thickness__ . ____________ 165. 0
Cox Sandstone.

Typical limestone of the Finlay is gray and con-
tains 25 to 50 percent shells or shell fragments and
3 to 15 percent insoluble detrital matter, all set in a
fine-textured carbonate matrix. Individual beds are
6 inches to 6 feet thick, and sequences of limestone
beds are as much as 35 feet thick. Most of the lime-
stone is massive, but some beds are internally lami-
nated. Limonitic pseudomorphs after pyrite are com-
mon in many places.

All limestone beds examined are fossiliferous, some
containing many whole clams, snails, and heart ur-
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chins. Other layers, seemingly nonfossiliferous, prove
on microscopic examination to be rich in tiny shell
fragments and tests of foraminifers and ostracodes.
The fossils lie in a microcrystalline or cryptocrystal-
line carbonate matrix. Most of the longer shells and
their fragments have been reconstituted as calcite
mosaics, although some retain their original lamellar
or prismatic structure. Presumably the matrix is also
recrystallized and may also have been largely organic,
representing an end product in the mechanical re-
duction of shells. The limestone must have originated
as a shelly calcareous mud.

Chemical analyses of four typical specimens (Guer-
rero, 1952) shows that the calcium carbonate con-
tent ranges from 83.5 percent in a sandy limestone
to 94.1 percent in a limestone with 8.3 percent detrital
clay. Magnesium carbonate content ranges from
slightly less than 1 percent to as much as 2.45 percent.

Where the insoluble detrital matter is quartz silt
or sand, the limestone is firmly indurated and breaks
with subconchoidal fracture. Where the insoluble
fraction is largely clay, the limestone is chalky,
breaks with earthy fracture, and weathers nodular.
Both types of limestone are common. By increase of
the sand content, the rock grades locally into cal-
careous sandstone, and by increase of the clay frac-
tion, into marl.

The marl in the Finlay Limestone is typically a
gray earthy rock in which the acid-insoluble fraction
of clay, silt, and fine sand commonly equals or slightly
exceeds the carbonate fraction. It is weakly indu-
rated and weathers to gentle rubble-covered slopes
or to recesses between limestone ledges; hence it gen-
erally is not well exposed. The marl forms beds
ranging from partings half a foot across to massive
layers as much as 10 to 20 feet thick. Marl is most
common in the eastern part of the Finlay Mountains,
where it is interbedded with limestone throughout the
sequence. Farther westward, it is concentrated in the
lower half of the formation.

The sandstone occurs only in the lower part of the
formation, where it forms beds 6 inches to 3 feet
thick. In the eastern part of the Finlay Mountains,
three sandstone beds lie about 10, 35, and 75 feet
above the base, but farther westward, only the lowest
sandstone is present.

Except for differences in fossil content, the sand-
stone in the Finlay resembles that of the Cox.
Freshly exposed surfaces are grayish orange and
weather light brown. The texture ranges from very

fine to medium grained. The most abundant constit-

uents are quartz grains, chiefly subrounded to sub-
angular. Accessory detrital minerals are lacking in
most samples except for some scattered grains of
chert. The grains are cemented by secondary growths
of quartz, calcite, and in some places by limonite.
Much of the sandstone is evenly laminated in layers
1 to 5 mm thick.

Trails and castings, presumably of invertebrates,
are commonly visible on bedding surfaces. Frag-
ments of oyster shells and echinoid plates and spines
are ordinarily present, and some sandy beds contain
abundant ostracodes and large arenaceous forami-
nifers.

Other localities

Along the spur of the Diablo Plateau directly west
of Thaxton Spring, the Finlay Limestone is 170 to
175 feet thick. The overlying Kiamichi Formation is
eroded, but thick limestone beds that here form the
rimrock of the plateau appear to be the same as those
that cap the Finlay in the type area. In the Thaxton
Spring area, the Finlay consists of 96 percent lime-
stone and 4 percent sandstone. More than half of
the limestone contains enough clay to give the rock
an earthy cast and a nodular appearance on weath-
ered surfaces, but there are no beds of soft silty marl.
Gray nodular limestone, in layers 10 to 25 feet thick,
is interbedded with thinner layers of fine sandstone
and hard, fine-textured gray limestone. The rimrock
at the top of the section is 36 feet of hard gray lime-
stone in beds a few inches to several feet thick; fos-
sils make up much of the hard ledges of limestone in
the rimrock.

Steeply dipping beds of Finlay Limestone form the
crest of Campo Grande Mountain and extend in Jow
hogbacks along its north edge. Across the northern
belt of outcrop the formation is at least 235 feet
thick, or about 45 feet thicker than the beds pre-
served at the type area. The exposed parts are all
limestone. In the lower 75 feet it is mostly gray,
argillaceous, and nodular; higher up it is harder and
less argillaceous. Sets of limestone beds range from
5 to 45 feet in thickness. A conspicuous hard lime-
stone layer 40 feet thick at the top of the section is
presumably the same one that forms the rimrock of
the Diablo Plateau and marks the approximate up-
per surface of the formation in this region. A con-
spicuous layer of sandy limestone occurs 75 feet above
the base; it is finely laminated and olive gray and
contains 20 percent very fine sand. Only about two-
thirds of the Finlay is well exposed, and many inter-
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vals 8 to 16 feet thick are concealed in the upper part.
If the concealed units are marl, the proportion of
limestone to marl in the entire section would have a
ratio of about 2:1, which is intermediate between
the ratios of limestone to marl in the eastern and in
the western parts of the Finlay Mountains.

Gently dipping beds of Finlay Limestone extend
over most of the Diablo Plateau in the report area,
and rudistid-bearing limestone beds near the top of
the formation cap the mesas.

Sand content of the formation increases northeast-
ward across the plateau, partly by increase of sand
in limestone and partly by increase in number of
sandstone beds and lenses. North of the Sierra
Blanca area the entire formation grades into sand-
stone. The sandstone is white, brown, and red and
weathers brown. It occurs in small lenses and as
beds 10 to 12 feet thick that can be traced for several
miles. The most conspicuous beds are separately
mapped (pl. 1). The quartz grains are subangular
to rounded and fine to coarse and have a calcareous
cement. Limonite coats many grains and stains the
sandstone irregularly, as in the underlying Cox
Sandstone. The sandstone is evenly bedded or cross-
bedded and locally ripple marked and in places fills
channels cut into limestone. Although incompletely
exposed, the Finlay Limestone appears to have a maxi-
mum thickness of about 160 feet on the Diablo Pla-
teau and to be 100 to 130 feet thick at the north edge
of the mapped area.

Along the southwest side of Devil Ridge and the
east side of the Quitman Mountains, the Finlay is all
limestone except for about 5 feet of sandstone on
Devil Ridge and some interbeds of marl (pl. 4).
Gray limestone beds are 1 to 5 feet thick and form
ledges or low bluffs separated by thin soft marly beds.
The Finlay is 346 feet thick on Yucca Mesa (section
6, pl. 4) and 510 feet thick in the southern part of
the Quitman Mountains.

RELATION TO COX SANDSTONE

The Finlay Limestone is conformable and grada-
tional with the underlying Cox Sandstone. Along
Devil Ridge and the southern part of the Quitman
Mountains, the lithologic break between the two for-
mations is abrupt; sandstone occurs below and lime-
stone above. In the Finlay Mountains and the Diablo
Plateau, however, there is generally a transition zone
30 to 40 feet thick in which the calcareous and the
siliceous rocks of the two formations blend or alter-
nate. Here we have placed the contact of the horizon

that separates predominant sandstone below from
limestone or marl above.

The Finlay Limestone evidently intergrades later-
ally and interfingers with the Cox Sandstone east-
ward and northward from the reference section of the
Finlay (pl. 5). Beds cannot be traced along the con-
tact from north to south, but the changes between
limestone and sandstone in the Diablo Plateau indi-
cate that most, if not all, of the northward thinning
of the Finlay is due to the gradation from limestone
to sandstone and to the interfingering of the two rock
types. The Finlay and Cox are thus lithologic units
which transgress time boundaries and are partly
equivalent in age.

FOSSILS

The Finlay Limestone is fossiliferous from bottom
to top. The following discussion of the Finlay fauna
from the Finlay Mountains is based on two groups of
collections, one made by C. C. Albritton, Jr., and
W. O. Ham for the museum at Southern Methodist
University and the other by us and our associates
for the U.S. Geological Survey. All the fossils were
collected incidentally to the measuring of strati-
graphic sections and without special effort to find
localities where fossils might be exceptionally well
preserved. Fifty species of marine invertebrates have
been identified, but at least 60 additional species
must be represented among the fragments and im-
perfect specimens. Except as indicated otherwise, the
fossils were identified by Albritton.

Pelecypods and gastropods are the most abundant
megafossils. Most of the pelecypods are large and
thick shelled; oysters and pachyodonts are espe-
cially common. Contorted tubes of the marine worm,
Serpula, cover many of the oyster shells. Gastropods
are numerous and varied, small and large, turreted
and low spired, but most of them weather from the
rock as internal molds that are difficult or impossible
to identify.

Echinoids abound at certain horizons, their broken
spines and plates commonly forming a large part of
the residue of washed samples. Branching corals are
embedded in some of the upper ledges of hard lime-
stone, and Ceratotrochus, a small solitary coral, was
found in float that must have come from the lower 100
feet of the formation. Although a special search
was made for ammonites, only two fragments of
Engonoceras were found, both in float from near the
base of the formation.

Microfossils are abundant. Some of the forami-
nifers, such as Létuola and Dictyoconus (fig. 40), are
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Check list of Foraminifera from the Finlay Limestone of the Finlay Mountains and adjoining Diablo Plateau—Continued

Locality and horizon

Families, genera, and species arranged taxonomically Diablo Pla- | Eastern Fin- | Eastern Fin- | Eastern Fin- | Eastern Fin- | Western Fin- | Western Fin-

teau; spur lay Moun- lay Moun- lay Moun- lay Moun- lay Moun- lay Moun-

west of Thax- | tains; unit tains; unit tains; unit tains; unit tains; unit tains; unit

ton Spring; 2, section 18 | 4, section 18 | 9, section 18 | 10, section 18 | 14, section 1 15, section 1

basal 6 ft
GLOBIGERINIDAE
Globigerina cf. G. washitensis Carsey - - oo oc v ccee o ecccccce e e e - 3 PR
ANOMALINIDAE
Anomaling? Sp- - - oo e e e IO 1 P
Total number of tests taken from sample__.__.._ 114 179 209 10 252 229 367

1 From acid-insoluble residue; percentages, not significant.

2 Not found in washed samples, but abundant in limestone in upper half of formation.

ton and Nerinea sp. cf. N. texana Roemer are both
fairly common in the upper half of the section but
were not found in the lower.

Pelecypods—Exogyra texana Roemer is abundant
at various horizons from bottom to top of the Finlay
Limestone. Single valves are more common than
whole shells, and many specimens appear to have been
worn or broken before they were buried. Other types
of oysters are comparatively rare, although specimens
of Ostrea crenulimargo Roemer and Gryphaca mu-
cronata Gabb occur in places in the lower half of the
formation.

The scallops (pectens) are almost as abundant as
the oysters. Most of them are small, measuring less
than an inch across, and are preserved as single valves
or fragments which cannot be positively identified.
A larger but less common species in the lower half
of the formation closely resembles Pecten duplici-
costa Roemer.

Protocardia texana Conrad is the only other clam
which occurs in large numbers throughout the forma-
tion. P. multistriate Shumard, a smaller and more
finely striate shell, is fairly common in the lower half.

Pachyodonts are abundant in the upper half of the
formation, especially in the ledges of hard limestone
near the top. Caprina sp. cf. C. occidentalis Conrad,
Toucasia texana (Roemer), and Radiolites sp. are the
most common.

Many of the pelecypods in the lower half of the
sections are preserved as casts, molds, or fragments
which cannot be certainly identified. These include
at least one species each of 7'rigonia, Cyprimeria, and
Homomya, three of Lima, and three whose generic
affinities are in doubt but which have been referred
provisionally to Zapes, Cardium, and Sphaera.

Ostracodes—The same six samples that yielded
1,360 tests of foraminifers contained 652 carapaces of

ostracodes. In five of these samples, foraminifers
were between two and six times as numerous as ostra-
codes, but in one sample the ostracodes outnumbered
the foraminifers. The ratio of ostracodes to foram-
inifers seems to be higher in beds of silty marl than in
beds of marly limestone and lowest in the sandstone
toward the base of the formation.

Collections at Southern Methodist University con-
tain at least 22 species, of which about half have not
yet been described. The list on page 78 shows the
relative abundance of the various kinds in the sam-
ples examined.

Echinoids—The heart urchin Znallaster mexicanus
Cotteau occurs throughout the Finlay Limestone and
is the only abundant echinoid. Holectypus planatus
Roemer is associated with Z'nallaster in the lower half
of the formation but was not found in the upper half.
Tetragramma, represented by at least two species, oc-
curs sparsely throughout; 7'. malbosii (Agassiz) was
identified by C. Wythe Cooke from collections in float
near the base.

Other localities

In the Thaxton Spring area, sandy beds in the
lower part of the formation contain many microfos-
sils. Of 114 tests of foraminifers picked from a layer
of calcareous sandstone 5 feet above the top of the
Cox Sandstone, about 67 percent are Buccicrenata
subgoodlandensis (Vanderpool), and 31 percent are
Lituola subgoodlandensis (Vanderpool). The asso-
ciated ostracodes, which are less abundant, include
Paracypris siliqua Jones and Hinde and “Cythere”
concentrica. (Reuss). Fossils make up a large part
of the hard ledges of limestone in the rimrock in this
area. The gastropods, represented by a varied assem-
blage including Zunatia? pedernalis (Roemer) and
Nerinea sp. cf. texana Roemer, are probably the most
abundant, but Caprina and other pachyodonts also
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Check list of ostracodes from the Finlay Limestone of the Finlay Mountains and adjoining Diablo Plateau
[Figures show relative abundance of species as percentage of total population in each sample. Identifications by C. C. Albritton, Jr.]

Locality and horizon
Genera and species Diablo Plateau | Eastern Finlay | Eastern Finlay | Eastern Finlay | Western Finlay | Western Finlay
spur west of Mountains; Mountains; Mountains; Mountains; Mountains;
Thaxton unit 2, unit 4, unit 10, unit 14, unit 15,
Springs; seetion 18 section 18 section 18 section 1 section 1
basal 6 ft
Bairdia aff. B. comanchensts Alexander 0.99 7.14
Bairdi@? SPe e o oo .99 .79
Bythocypris goodlandensis Alexander____.____ 4., X 2.97 7.94
ff B. rotundus Vanderpool ____._________ 4, . 2.97 3.97
___________________________________ 1. 5. mmmm——mem e 11.90
C'ytherella fredericksburgensis Alexander ... __ _|____________ 16. 41 2. 99 3.95 60. 40 5. 55
scotts Alexander. oo | ____ 1. 52 1. 49 5. 26 2. 97 7.94
Paracypris siliqgua Jones and Hinde_________. 5. 00 6. 87 1. 49 15.79 8.91 9. 52
Cytherelloidea Sp- _ - - - - |~ 1 7 IR, SRR DU 5. 55
“Cythere’ concentrica (Reuss) . .. ________ 10. 00 1.91 1. 49 1. 32 1. 98 4.76
Cythereis carpenterae Alexander_ _ ___ ________|____________ 4,96 | _________ 1. 32 2.97 |occceeeeoo -
worthensis Alexander_____ oo | . 6. 11 8.96 1.32 |
aff. C. nuda (Jones and Hinde)_.________ 5. 00 1. 14 1. 49 14.47 | . 19. 05
aff. C. sandidget Alexander__ . __________[_c_.________ L6 . 9.21 5. 94 7. 14
Cytheridea amygdalotdes var. brevis (Cornuel) | .. ___.______ 76 32.83 | e
goodlandensis Alexander. .| oo\ ___ 11. 94 1.32 oo
oliverensis Alexander___ | e 526 |- 5. 55
.................................. 80. 00 29. 39 10.45 |||
C’ytherura B e e e m e m e mmmm e e | 5.72 1.49 3.95 1.98 | __.
Cytheropteron tumidum Alexander. . .. __| . __.___ 3. 05 16. 42 7.8 | ___ 2.38
BPPacac mmmccmcme e mcmemmcmccmcmmemm et e et 1.49 | ..-_ 2.97 .79
Metacypris 8Peeev e ccc e ccccmmcccmc e e |emcmmmcmmme | emee e | e 3.96 [—occoo_..
Total number of carapaces taken from sample__ 20 262 67 76 101 126

occur in large numbers. ZEwogyra texona Roemer,
Lima sp. aff. L. blancensis Stanton, and small pectens
are also present, and fragments of the echinoid Tetra-
gramma are fairly common. Heads of branching
corals occur in some places, although the corals must
have been far less important as rock builders than the
shellfish.

Fossils are abundant in the Finlay at Campo Grande
Mountain but weather from the rock mostly as frag-
ments. Exogyra texana Roemer is common in beds
of nodular limestone toward the base, where it is asso-
ciated with Cyprimeria and other pelecypods.

Many beds on the Diablo Plateau are fossiliferous.
Dictyoconus-bearing beds are common in places, and
rudistid limestone caps numerous low mesalike hills.
R. W. Imlay (written communication, 1950) identi-
fied a collection (USGS Mesozoic loc. 21071) from 54
to 82 feet below the Kiamichi(?) Formation in the
northeastern part of the mapped area as: Ezogyra
texana Roemer, Trigonia sp., Protocardia texana Con-
rad, Protocardia sp., Protocardia multistriata Shu-
mard, Cardium? cf. C. subcongestum Bose, Cyprimeria
sp., Neithea occidentalis Conrad, Brachydontes sp.,
Volsella concentrice-castallata Roemer, Sphaera cf.
8. roblisi (Bose), Tapes? sp., Nerita? cf. N. elpasensis
Stanton, T'ylostema sp., Gyrodes? sp., Aporrhais? sp.,

Monodonta? sp., Cerithium? cf. C.? pecosense Stan-
ton, and Turritella seriatim-granulata Roemer.

Along Devil Ridge and the southern part of the
Quitman Mountains, most of the limestone is fossilif-
erous, but many of the fossils are poorly preserved.
Dictyoconus abounds in the upper half of the forma-
tion, and rudistids form a major part of some beds.
Fossils collected along Devil Ridge have been listed
by Smith (1940, p. 615).

AGE AND CORRELATION

The Finlay Lirhestone is clearly of Frederlcksburg
age, although it once was considered part of the Trin-
ity Group (Baker, 1927, p. 21). In some respects
this formation is similar to the Edwards Limestone
many miles to the east, and it may be equivalent to
the Edwards.

The Finlay fauna in the type area is generally like
that of the lower part of the Fredericksburg Group
elsewhere and is particularly like the faunas of the
Walnut Clay and Goodland Limestone in northern
Texas.

Of the 27 species of foraminifers identified, 20 have
been reported previously from the Walnut and 15,
from the Goodland. Ammodbaculoides whitney: (Cush-
man and Alexander), Dentalina cucumis Loeblich and
Tappan, Citharina intumescens (Reuss), and Pseudo-
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polymorphina plectilis Loeblich and Tappan, which
occur in the Finlay, are all restricted to the Freder-
icksburg Group farther eastward in Texas. Also,
Dictyoconus walnutensis (Carsey) (formerly Orbito-
lina), a species widespread in the Finlay, is charac-
teristic of the Fredericksburg (H. J. Plummer, in
Smith, 1940, p. 615; and Lynch, 1933, p. 111), al-
though its range extends downward into the Trinity
Group (Frizzell, 1954, p. 76).

A1l gastropod species that are abundant in the Fin-
lay Limestone are well known in the Fredericksburg
Group elsewhere. Tylostoma tumidum (Shumard)
has been reported only from this group elsewhere in
Texas. Turritella seriatum-granulata Roemer is
known from Edwards Limestone and from the Kia-
michi Formation, both of the Fredericksburg Group,
but not from the Glen Rose of the Trinity Group.
Among the less common species, Neritina? elpasensis
Stanton, Cerithium bosquense Shumard, Nerinea kerr-
villensis Stanton, and Cerithium diversecingulatum
Stanton are also probably restricted to the Fredericks-
burg.

Pelecypods most common in the Finlay Limestone,
however, appear to have long stratigraphic ranges.
Massive rudistid beds in the Finlay are similar to
those in the Edwards Limestone, but identification of
the rudistids is not positive enough for use in corre-
lation.

Ten of the eleven species of ostracodes identified
from the Finlay have also been previously reported
from the Goodland Limestone. Bythocypris good-
landensis Alexander, Cytherella scotti Alexander, and
Cytheridea goodlandensis Alexander are possibly re-
stricted to the Goodland in northern Texas, and
Cytherella fredericksburgensis Alexander, Cytheridea
oliverensis Alexander, Paracypris siligua Jones and
Hinde, and “Cythere” concentrica (Reuss), although
not confined to the Goodland, are most abundant in
it (Alexander, 1929).

Among the echinoids, Holectypus planatus Roemer
occurs both in the Trinity and the Fredericksburg
Groups, but T'etragramma malbosii (Agassiz) and
Enallaster mewicanus Cotteau are characteristic of the
Fredericksburg (Cooke, 1946, p. 207; 1955, p. 104).

CONDITIONS OF DEPOSITION

The Finlay Limestone was deposited as calcareous
mud and sand in a shallow sea that covered the entire
Sierra Blanca area. The more sandy sediments in the
north accumulated nearer the shore than the calcare-
ous sediments to the south, but the two are largely
contemporaneous. The environment of deposition re-
mained fairly uniform during Finlay time, and con-
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ditions were generally favorable for flourishing popu-
lations of marine shellfish. The abundant benthonic
foraminifers and echinoderms and their association
with varied shellfish, ostracodes, and, in places, with
stony corals indicate marine deposition. Only two
elements of the usual Cretaceous marine fauna are
lacking—planktonic foraminifers and ammonites.

Scarcity of planktonic tests in an otherwise diver-
sified assemblage of foraminifers might mean that the
sea water near the bottom was normally saline but
that the salinity of the water near the surface was
below the limit of tolerance for planktonic species.
Such conditions resemble those off the delta of the
Mississippi River in the Gulf of Mexico, where Low-
man (1949, p. 1954-1955) found few remains of
Globigerina and other floating foraminifers among the
tests accumulated on bottoms shallower than about
60 feet. More recent studies by Phleger (1955) sug-
gest that the absence of planktonic tests in sediment
beneath the sounds around the delta may ultimately
be due to the low salinity of an upper layer of sea
water diluted by fresh water from the Mississippi
River and other streams. Ancient streams likewise
may have diluted the upper parts of the Finlay sea
in areas near shore and thus permitted a marine fauna
to flourish beneath the heavier and more saline water
at depth and at the same time prevented the plank-
tonic foraminifers from populating the upper less
saline levels.

If most of the Early Cretaceous ammonites were
swimmers that inhabited upper waters of the sea, they
may, like the globigerinids, have been adversely af-
fected by near-shore zones of brackish water, a condi-
tion that accounts for their scarcity.

Deposition of the Finlay commenced with spreading
of the sea over sandy and presumably deltaic deposits
of Cox Sandstone. In the area of the Finlay Moun-
tains, the initial sea may not have been more than a
few feet deep, as suggested by the abundance of agglu-
tinated tests of foraminifers in some of the basal
sandy limestone beds; such deposits resemble the Am-
mobaculites facies of lagoons east of the Mississippi
delta (Phleger, 1954). The presence of abundant os-
tracodes and of miliolids, however, and the variety of
calcareous tests suggest an open gulf rather than a
sound or lagoonal environment. As the shoreline ad-
vanced northward, the water of the Finlay Mountains
area probably deepened, although not necessarily to
more than a few fathoms. Toward the end of Finlay
time, when relatively little detrital sediment was ac-
cumulating, colonial corals and large sedentary clams
grew in profusion along the bottom.
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KIAMICHI FORMATION
DEFINITION AND GENERAL FEATURES

The Kiamichi Formation was named for the Kia-
michi River in southeastern Oklahoma, where it was
first called the Kiamitia Clays (Hill, 1891, p. 504,
515). The name, taken from a distant type area, was
introduced into the Sierra Blanca region by Baker
(1927, p. 28-30) and by Adkins (1932, p. 352-355).
This use of Kiamichi in the mapped area seems jus-
tified on the basis of the formation’s stratigraphic
position and the general similarity of its fossils and
lithology to the Kiamichi much farther east in Texas
and Oklahoma.

The Kiamichi is preserved in several areas in the
southern part of the Quitman Mountains, near Sierra
Blanca peaks, and in the northeastern corner of the
report area. The only complete section is in the Quit-
man Mountains. In the southern part of these moun-
tains, the Kiamichi is less resistant to erosion than
either the underlying Finlay or the overlying beds of
Washita age and occurs on gentle slopes covered with
float, but it is locally exposed in very steep slopes be-
neath overhanging cliffs. On the hills at the north-
west end of Flat Mesa and on the Diablo Plateau,
sandstone beds assigned to the Kiamichi stand in re-
lief as ledges or form a caprock.

LITHOLOGY AND THICKNESS

In the south half of the Sierra Blanca area the
Kiamichi is mostly shale, and in the north half,
mostly sandstone.

In the Quitman Mountains, shale makes up most of
the Jower 140 feet of the formation, but in the upper
95 feet it is interbedded with an equal amount of lime-
stone. Fine-grained sandstone is interbedded with
the other rocks, most abundantly in the upper and
more calcareous part. All of the formation is thin
bedded, the sandstone and limestone being in layers
generally 1 to 8 inches thick and the shale in layers
slightly less than a foot thick. Sets of evenly bedded
sandstone layers are as much as several feet thick. The
limestone is Jumpy and marly; the shale is commonly
sandy or calcareous; and the sandstone is slightly cal-
careous. The rocks are prevailingly gray, but many
of the sandstone beds weather light brown. Most of
the formation is fossiliferous, especially the upper
part.

Near Flat Mesa, the Kiamichi Formation consists
mostly of sandstone but contains a few beds of sandy
clay. Most of the sandstone is light tan to white and
weathers to shades of brown, but some beds are light
gray or purple. It consists of fine- to medium-sized
angular to well-rounded quartz grains set in a ferru-
ginous and calcitic cement and forms 1- to 3-foot beds,
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some of which are continuous through the exposures,
whereas others thin and end within a few feet. Much
of the sandstone is crosshedded, as shown on weath-
ered surfaces of the harder and less calcareous beds.
A sandstone bed 16 feet thick lies at the top of the
formation and forms a prominent bluff along the
north end of Flat Mesa.

SectioN 22.—Section of Kiamichi Formation

{In the southern part of the Quitman Mountains, about 3}4 miles east-southeast of
Quitman Gap; traverse 22 shown on pl. 1]
Rocks of Washita age—Kiamichi Formation:

3. Sandstone, light-tan to light-gray, fine-grained,
slightly calcareous; weathers brown; some inter-
beds of shale, marl, and nodular limestone.
Many beds are fossiliferous__________._______ 49

2. Limestone, gray, nodular, interbedded with gray
shale and tan fine-grained sandstone; sandstone
and limestone beds generally 1 to 3 in. thick;
shale beds as much as 1 ft thick__________.____ 47

1. Shale, gray; some thin beds, 1 to 3 in., of gray
nodular limestone, sandstone, and marl. All
poorly exposed. oo - oo oo

Thickness
(feet)

Total measured thickness. ... .____._..__
Finlay Limestone.

SEcTioN 23.—Section of the Kiamichi Formation

[Northwest end of Flat Mesa; traverse 23 shown on pl. 1. Fossil identifications by
C. C. Albritton, Jr.]

Kiamichi Formation (top eroded):

7. Sandstone, light-gray to almost white, calcareous,
medium-grained; weathers light gray; stringers
of less calcareous beds weather brown, protrude
on weathered surface and contain some small
scale crossbeds. Forms bluff at cap of hill____ 16

6. Sandstone, gray and tan, fine-grained; interbedded
hard and friable layers; some friable light-
purple beds. - o e 23

5. Unexposed; probably sandy elay_____ ... 9

4. Clay, brown, sandy, and thin fine-grained sand-
stone lentils; calcareous, particularly in upper
part. Numerous fragments of Gryphaea; fossils
mostly small; Gryphaea navia Hall in thin
sandy limestone within 10 ft of top. Unit

Thickness
(feet)

poorly exposed_ oo 41
3. Unexposed; probably friable sandstone_._______._ 29
2. Sandstone, light-tan, fine-grained (quartz grains),

crossbedded; weathers brown.__ ... 2

1. Sandstone, gray, fine-grained, calcareous, fossil-
iferous; poorly exposed on slope of loose rubble.
Fossils, mostly large, weather out on surface.._ 15

Total measured thickness.._ .. _.___..__ 135

Finlay Limestone.

In the northeastern part of the area, only 34 feet
of the Kiamichi(?) Formation is preserved, and ex-
posures are poor. Nearly all of it consists of white
to brown sandstone that weathers brown or reddish
brown and is made up of subangular to rounded me-
dium-sized quartz sand grains set in a cement of cal-
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cite and limonite. Numerous botryocidal limonitic
concretions, 14 to 8 inches across, are scattered through
the formation. Beds are 1 to 3 feet thick and are
evenly stratified in most places, although some small-
scale ripple marks are present. Lentils of calcareous
sandstone and gray nodular limestone 3 to 5 inches
thick are traceable for as much as 15 feet laterally.
Some layers contain molds and casts of pelecypods
and gastropods and impressions of plant fragments.

The Kiamichi is about 235 feet thick in the Quit-
man Mountains in the report area, and Baker (1927,
p- 88) reported 300 feet near the south end of the
range, 15 miles farther south. At the north end of
Flat Mesa, 135 feet of the formation is exposed; al-
though the top is missing, the total thickness is prob-
ably no more than 200 feet.

The Kiamichi thus thins northward although not as
rapidly as the older formations. Rocks of Kiamichi
age occur at Sierra Prieta 7 miles northeast of the
report area (Adkins, 1932, p. 354; King and Knight,
1944) but are not recognized as a separate lithologic
unit.

RELATION TO FINLAY LIMESTONE

The gray shale of the Kiamichi and the limestone
of the underlying Finlay are sharply separated but
conformable in the southern part of the Quitman
Mountains. Near Flat Mesa and in the northeastern
part of the report area, the sandstone of the Kiamichi
likewise abruptly but conformably succeeds the Finlay.

FOSSILS

The following fossils from the upper 95 feet of the
Kiamichi Formation in the southern part of the
Quitman Mountains (USGS Mesozoic loc. 21072)
were identified by R. W. Imlay.

Gastropods—Turritella seriatim-granulata Roem-
er, Tylostoma regina (Cragin), T'ylostoma elevatum
(Shumard), Aporrhais? sp., Neritina? elpasensis
Stanton.

Pelecypods—Exogyra texana Roemer, Cyprimeria
sp., Protocardio texana Conrad, Protocardia multistri-
ate Shumard, Sphaera cf. S. roblesi (Bose), T'rigonia
sp., Lima (Plagiostoma) sp., Neithea occidentalis
Conrad, Z'apes? spp., Homomya bravoensis Bose,
Cardita? sp., Pteria? sp., Pinna sp., Pecten (Syncy-
clonema) sp.

Cephalopods—Oxytropidoceras trinitense (Gabb),
0. acutocarinatwm (Shumard), O. belknapi (Mar-
con), Kngonoceras cf. E. pierdenale (Von Buch).

A collection from the same part of the formation
about 3 miles to the southeast was identified by C. C.
Albritton, Jr., as follows:

Gastropod.—Tylostoma kentense Stanton.

Pelecypods.—Protocardia texana Conrad? Proto-
cardia sp., Tapes sp., Homomya sp.

Brachiopod.—Kingena wacoensis (Roemer).

Cephalopod.—Ouxytropidoceras belknapi (Marcou).

Echinoids—Pliotoxaster white; (Clark), Tetra-
gramma streeruwitzi (Cragin), Tetragramma toffi
(Cragin) ?, Salenia prestensis Desor, Macraster spp.
(large species). This collection is characterized by
an abundance of echinoids.

From sandstone beds in the Kiamichi(¢) Formation
in the northeastern part of the Sierra Blanca area
(USGS Mesozoic loc. 21070), R. W. Imlay identified:

Gastropods—Turritella seriatum-granulata Roem-
er, Cerithium? sp.

Pelecypods—Ostrea sp., Exogyra texana Roemer,
Neithea sp., Pecten (Syncyclonema) sp., Nucula sp.,
Nuculona? sp., Cardium cf. C. congestum Bose, Car-
dium? sp., Trigonia emoryi Conrad, Protocardia sp.

Cephalopod—Engonoceras cf. E. pierdenale (Von
Buch).

From the Kiamichi at the north end of Flat Mesa,
Adkins (1932, p. 352) collected and identified the
following: Gryphaea navia Hall, Gryphaea corrugata
Say, Fxogyra texana Roemer, Exogyra plewa Cragin,
Alectryonia cf. carinata Lamarck, Alectryonia quad-
riplicate (Shumard), Pecten subalpinus Bose, Pecten
irregularis Bose, Trigonia emoryi Conrad, Phola-
domya cf. sancti-sabae Roemer, Protocardia, Plicatula
incongrua Conrad, Turritella, Tylostoma, Parasmilia,
Parasmilia?, Haplostiche sp.?, Owxytropidoceras belk-
napi (Marcou), Oxytropidoceras n. sp., Idiohamites
fremont{ Marcou, Hamites afi. comancheanus Adkins
and Winton, and Pervinguieria sp. (of the nodosa
group).

AGE AND CORRELATION

The question of whether the Kiamichi Formation
belongs in the Fredericksburg Group or in the
Washita Group has been debated almost since the
formation was named by Hill in 1891. Without trac-
ing the history of the differences, evidence that dis-
agreement still exists is demonstrated in a recent
publication of the University of Texas in which the
Kiamichi is variously shown to have Fredericksburg
and Washita paleontologic affinities (Lozo, 1959, fig.
2), to be post-Fredericksburg (Lozo, 1959, fig. 10),
to be in the Washita Group (Nelson, 1959, fig. 13),
and to be in the Fredericksburg Group (Shelburne,
1959).

In the Sierra Blanca area, paleontologic evidence
suggests that most, but not necessarily all, of the
Kiamichi is of Fredericksburg age. Fossils from the
southern part of the Quitman Mountains indicate
that at least the lower part of the Kiamichi there
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is of Fredericksburg age. Fossils from incomplete
sections in the north half of the report area are also
of Fredericksburg aspect. Owxytropidoceras belknapi
(Marcou), a characteristic fossil of the Kiamichi, has
not been reported above the Fredericksburg Group,
and yet another Kiamichi fossil, Tetragramma stree-
ruwitzi (Cragin), probably is of Washita age (Smiser,
1933, p. 126, 138; 1936, p. 457). Because certain spe-
cies of Oaytropidoceras and Tetragramma are found
in the same beds in the Sierra Blanca area, it is pos-
sible that the Fredericksburg and Washita faunas
overlap in this area and that the transitional zone is
in the Kiamichi Formation.
CONDITIONS OF DEPOSITION

The Mesozoic sea covered all the report area dur-
ing deposition of the Kiamichi, although conditions
differed enough from north to south across the area
for the grain size of the sediments to become finer
southward. The sandstones from Flat Mesa north-
ward suggest deposition on an open shelf. Finer
grained beds to the south suggest deposition on the
same shelf in quieter water farther from the shore.
The sequence of rocks in the southern part of the
Quitman Mountains was probably deposited within
the neritic zone on smooth marine floors generally
favorable for abundant shell life.

LOWER AND UPPER CRETACEOUS SERIES
ROCKS OF WASHITA AGE

Rocks of Washita age are exposed in several widely
separated localities in the southeastern part of the
report area. They form low hills near the Sierra
Blanca peaks and the north end of the Quitman
Mountains, several long belts of outcrop in Eagle
Flat northeast of Devil Ridge, and the crests and
east slopes of the southern part of the Quitman
Mountains. In all these occurrences, the rock is
mainly limestone. Its thickness could not be deter-
mined certainly but is probably between 1,020 and
1,400 feet. Rocks of Washita age are conformable
with the underlying Kiamichi Formation and the
overlying Upper Cretaceous rocks.

LITHOLOGY AND THICKNESS

Most of the rocks of Washita age in the southern
part of the Quitman Mountains are light-gray lime-
stone that weathers gray or bluish gray. The lime-
stone is crystalline, granular or sugary, and in part
contains small amounts of quartz sand. Some beds
are made up almost entirely of large rudistids em-
bedded in crystalline limestone. Most of the lime-
stone is in 1- to 4-foot thick beds, but some massive lay-
ers are 10 to 12 feet thick. In places, the beds are
separated by 6- to 8-inch-thick partings of gray shale.

A persistent fossiliferous zone of poorly exposed thin-
bedded limestone, shale, and platy calcareous sand-
stone lies 110 to 160 feet above the base of the group.

In the southeastern part of the report area and
beyond, the rocks of Washita age are divisible into
three units (Smith, 1940, sec. 5, p. 629) : the upper,
almost 200 feet thick, is limestone and sandy lime-
stone; the middle, about 150 feet thick, is poorly ex-
posed sandstone, calcareous sandstone, and some shale;
the lower, about 680 feet thick, is limestone, marly
limestone, and some shale. Contact with the under-
lying Kiamichi Formation is not exposed. Fossils
are most abundant in marly limestone beds 480 to
580 feet below the top of the sequence (Smith, 1940,
p. 616).

A shaly phase of the Washita is well exposed on
the north side of Round Top. Black shale, greenish-
brown shale, nodular limestone, and gray laminated
calcareous sandstone are interbedded in layers no
more than 4 inches thick. One deep gulch exposes
an angular unconformity within these thin-bedded
strata. Beds below the unconformity are bent into
folds 2 to 3 feet across, many of which are over-
turned or even recumbent to the northeast, whereas
beds above the break are tilted but not folded. This
unconformity was not observed elsewhere and is prob-
ably a local feature caused by subaqueous gliding of
sediments.

All the strata of Washita age near the intrusive
stock at the north end of the Quitman Mountains
have been variously metamorphosed. The limestone
is recrystallized and altered in places to lime-silicate
rocks containing conspicuous zones of garnet; the
sandstone is altered to quartzite, and the shaly beds,
to hornfels.

Just east of the report area north of Devil Ridge,
a thickness of 1,020 feet of these beds is overlain by
Upper Cretaceous rocks, but the base is not exposed
(Smith, 1940, p. 616, 629). A thickness of about 675
feet occurs in the Quitman Mountains near the south
border of the report area, but here the top of the
group has been eroded, and numerous faults make
accurate measurements difficult.

The Espy Formation of Huffington (1943, p. 10086,
1011), which includes the rocks of Washita age of
this report, is 1,286 feet thick in hills east of the
northern part of the Quitman Mountains, but its up-
per 266 feet is here assigned to our Upper Creta-
ceous map unit.

The Haymon Krupp Oil and Land Co. Briggs 1
well, at the northwest end of the Malone Mountains,
evidently went through a complete section of rocks
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of Washita age and revealed a thickness of about 1,375
feet (fig. 52).
RELATION TO KIAMICHI FORMATION

The contact between the rocks of Washita age and
the Kiamichi Formation is visible only in the south-
ern part of the Quitman Mountains, where it is
marked by a change from brown weathering cal-
careous sandstone below to gray crystalline limestone
above, and is obviously conformable. Commonly, the
rocks of Washita age crop out conspicuously above
the more poorly exposed Kiamichi.

FOSSILS

Among the rocks of Washita age, the marly or
shaly beds are abundantly fossiliferous and yield
many well-preserved specimens that weather free.
The massive limestone beds are fossiliferous in
many places, but the fossils are fragmental and do
not weather from the rocks. Some of the massive
limestone beds in the southern part of the Quitman
Mountains are made up of masses of horn-shaped
rudistids as much as 115, feet long.

Our megafossil collections were identified by R. W.
Imlay and are chiefly from three localities: (1) in
gray nodular limestone 110 to 160 feet above the base
of the sequence on the east side of the southern part
of the Quitman Mountains, about 11 miles south of
the town of Sierra Blanca (USGS Mesozoic loc.
21073), (2) in gray shale, marl, and thin-bedded
limestone between Sierra Blanca Peak and Little
Blanca Mountain (USGS Mesozoic loc. 21074), and
(3) in gray shale, marl, sandstone, and nodular lime-
stone on the north side of Round Top (USGS Meso-
zoic loc. 21075). Additional fossils were collected
earlier by Smith (1940, p. 616-617) from gray marl
and marly limestone 480 feet below the top of the
sequence north of Devil Ridge.

Foraminifers

The large arenaceous foraminifer Haplostiche tex-
ana (Conrad) is so abundant in places that its sandy
tests give a brownish cast to limestone surfaces. Sev-
eral of these beds, each about 4 feet thick, are inter-
stratified with calcareous sandstone through a thick-
ness of about 20 feet between Round Top and Little
Round Top. Samples for examination of the smaller
Foraminifera were not taken from the rocks.
Gastropods

Gastropods are common locally but are mostly pre-
served as molds, so that specific or even generic iden-
tifications are impossible. Aporrhais? sp. occurs in
shale and mar] beds between Sierra Blanca Peak and
Little Blanca Mountain. Many gastropods occur in
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the gray marl and marly limestone about 480 feet
below the top of the rocks of Washita age east of the
report area and northeast of Devil Ridge (Smith,
1940, p. 616-617).

Brachlopods

Kingena sp. is present in all the collections but is
especially abundant in the southern part of the Quit-
man Mountains in a stratigraphic interval of about
50 feet at 110 feet above the base of the unit. In
places, its shells litter the slopes and afford a strati-
graphic marker in an otherwise uniform sequence.

Pelecypods
Pelecypods are abundant throughout the rocks of

‘Washita age. Beds along the arroyo between Sierra

Blanca Peak and Little Blanca Mountain contain
Neithea texana (Roemer), Lima wacoensis Roemer,
Ostrea (Lopha) quadriplicate Shumard, Volsella sp.,
and Pholadomya sp. Gray shale, marl, sandstone,
and nodular limestone on the north side of Round
Top contain Neithea texana (Roemer), Gryphaea
corrugata Say, and Trigonia. emoryi Conrad. Plica-
tula sp. occurs in the Aingena zone in the southern
part of the Quitman Mountains.

Cephalopods

Cephalopod fragments are common in some beds
but are rarely well enough preserved to be identifi-
able. Pervinquieria cf. P. trinodosa (Bose) occurs
in a zone 110 feet above the base of the unit in the
southern part of the Quitman Mountains; Cymato-
ceras sp., at the arroyo between Sierra Blanca Peak
and Little Blanca Mountain; and Pervinguieria trin-
odosa (Bose), Pervinguieria sp. aff. P. trinodosa
(Bose), and Pervinguieria aff. P. kiliani (Lasswitz),
on the north side of Round Top.

Echinoids

Many beautiful echinoid specimens are found but
all belong to wide-ranging species. They are most
common around the Sierra Blanca peaks and north-
east of Devil Ridge. The type specimen of the large
and ornate Stereocidaris hudspethensis Cooke (Cooke,
1955, p. 88-89) is from a small outcrop slightly more
than 1 mile north of Round Top.

Echinoids collected from outcrops along the arroyo
between Sierra Blanca Peak and Little Blanca Moun-
tain and identified by Cooke (1946, 1955) include:
Dumblea symmetrica Cragin, Holectypus (Coenholec-
typus) transpecosensis Cragin, Enallaster (Washitas-
ter) Obravoensis Bose, Tetragramma streeruwitsi
(Cragin), Phymosoma texanum (Roemer), P. mewi-
canum Bose, Orthopsis occidentalis Cragin, Globator
parry: (Hall), and Holaster laevis (Brongniart).
Cooke (1946, p. 227-228) also lists Hemiaster (Ma-
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craster) elegans Shumard from the southeast side of
Sierra Blanca Peak.

AGE AND CORRELATION

We found it impracticable to divide the rocks of
Washita age into formations. In the southern part
of the Quitman Mountains, they constitute an almost
homogeneous lithologic unit. In the area around the
Sierra Blanca peaks, several rock units are distin-
guishable locally, but exposures are so discontinuous
that a much more detailed stratigraphic and paleonto-
logic study would be required to establish a definite
sequence.

According to Imlay (written commun., 1950), the
collections from 110 feet above the base of the se-
quence in the southern part of the Quitman Moun-
tains, as well as those from between Sierra Blanca
Peak and Little Blanca Mountain and from the north
side of Round Top, “are clearly of Washita age and
probably belong low in the group, as the forms of
Pervinguieria are similar to those in the Duck Creek
and Ft. Worth limestones.”

All the echinoids are characteristic of the Washita
except E'nallaster texanus (Roemer), which ranges
from the Trinity into the Washita Group (Cooke,
1946, p. 196-197).

The upper rocks of Washita age in the Sierra Blanca
area may be equivalent to the Buda Limestone and
underlying Grayson Formation recognized in the
Eagle Mountains to the southeast (Gillerman, 1953,
p. 10-11, 27-31), but positive equivalence has not been
established.

CONDITIONS OF DEPOSITION

The beds of Washita age were deposited in a neritic
environment at a time when the shoreline was much
farther north than at any earlier stage of the Creta-
ceous. They are known at Sierra Prieta and as far
north as the Cornudas Mountains of northern Hud-
speth County (Adkins, 1932, p. 854, 362).

In the southernmost part of the Sierra Blanca area,
limestone was the principal deposit, although some
very fine grained clastic sediment was introduced oc-
casionally, forming the shaly and marly beds. North-
ward, foward the shore, the proportion of fine clastic
material increases. Marine life was abundant and
varied. Rudistids formed reefs, and many other shell-
fish contributed their skeletons to the limy sediment.

UPPER CRETACEOUS SERIES (UNDIFFERENTIATED)

In the report area, rocks of the Upper Cretaceous
Series above rocks of Washita age are preserved only
between the Quitman Mountains and Sierra Blanca
Peak where they crop out near the Etholen Knobs and
about 114 miles southwest of East Etholen Knob.

Here the rocks are chiefly sandstone and siltstone, of
which as much as 675 feet is preserved; the top is
missing. The series is exposed more extensively and
in greater thickness in the Eagle Mountain area just
southeast of the report area (Baker, 1927, p. 80; Smith,
1940, p. 617-618, and 1941, p. 73-74; Gillerman, 1953,
p. 32-33).

The beds in the Sierra Blanca area were included
by Huffington (1948, p. 1004-1007) in the upper part
of his Espy Formation, but as this unit can be divided
into its Washita and Upper Cretaceous components,
this name is not used in this report.

These undifferentiated rocks of Late Cretaceous age
consist of sandstone, siltstone, and shaly siltstone.
The sandstone is gray or pale red and weathers brown
or greenish brown. It is mostly evenly laminated, but
some layers are crossbedded and rippled on a small
scale. The sandstone is fine to very fine grained, and
much of it is arkosic. Some lenticular beds contain
limestone pebbles, chiefly half an inch but as much
as 2 inches in diameter. Calcareous concretions, many
with septarian structure, occur in parts of the sand-
stone. The siltstone is of the same color as the sand-

SEctioN 16.—Section of Upper Cretaceous rocks

[East side of West Etholen Knob; traverse 16 shown on pl. 3. Fossil identifications

by L. W. Stephenson]
v P Thickness

(feet)
Top of section is at Devil Ridge thrust fault; Etholen g
conglomerate in upper plate.
Upper Cretaceous:

5. Sandstone, pale-red, fine-grained, arkosic, massive,
fractured; bedding absent or indistinet...____.

4. Sandstone and siltstone, interbedded; yellowish-
brown fine-grained arkosic sandstone in 1- to

6-in. beds. - oo e 15

3. Siltstone, greenish-brown to gray; weathers brown
with green cast; laminated and platy in part,

plates being % to % in. thick; some shaly silt-

stone in 3-in. to 3-ft beds; interbedded very fine
grained 3-in. to 2-ft sandstone beds___________

2. Sandstone, gray, brown-weathering, fine-grained;
numerous 1- to 2-ft-thick lenses of fossiliferous
sandstone, some of which are almost coquinites;
contains Ostrea cf. O. soleniscus Meek, Ostrea

sp., Cardium sp., and Glauconia? (USGS Meso-

zoic loc. 25765) ; 16 ft below top is a sandstone

bed 8 in. thick that contains limestone pebbles

13 to 2 in. in diameter- - . .-

1. Sandstone, unexposed to poorly exposed, gray
(weathers brown with green cast), very fine
grained, evenly laminated; in 1- to 2-ft beds;

breaks with rough conchoidal fracture; some
laminated gray siltstone, weathers brown with

green cast; contains scattered very fine sand
grains; base not exposed. « . cccaccmacocncaoo-

125

227

108

Total exposed thickness. . ee.occcooanaan
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stone and forms evenly laminated beds 1 inch to 3 feet
thick.

The most complete section of the Upper Cretaceous
rocks is on the flanks of West Etholen Knob and in
the adjoining flat (section 16), but even here exposures
are poor and minor faults so numerous that more energy
is required to find the sequence than to measure it.

Rocks of the Upper Cretaceous Series are appar-
ently conformable on the rocks of Washita age, but
the contact is exposed in such small areas that the
possibility of minor erosional or angular discordance
is not disproved. Northeast of West Etholen Knob
and at the north end of the Quitman Mountains, the
lithologic change from limestone beds of Washita age
to sandstone and siltstone beds of the Upper Creta-
ceous Series is distinct, although the contact itself is
mostly covered with rubble. Where the rocks are
metamorphosed, the change is from recrystallized
limestone to quartzitic sandstone or hornfels.

The lower part of the Upper Cretaceous Series in
west Texas has been referred to the Eagle Ford For-
mation by many authors (for example, Adkins, 1932,
p. 436-438), but the sections exposed in our area and
the fossils collected from them are too meager to per-
mit subdivision or more than broad correlations; there-
fore, these rocks are undivided.

Many of the beds in the Upper Cretaceous in the
Sierra Blanca area are very fossiliferous, and some
consist largely of broken shell fragments; however,
most of the fossils are poorly preserved. L. W.
Stephenson identified the following from the east side
of West Etholen Knob (USGS Mesozoic loc. 25765) :
Ostrea cf. O. soleniscus Meek, Ostres sp. (small),
Exogyra sp. (similar to a small undescribed species
from the base of the Woodbine Formation, Hill
County, Tex.), Cardium sp., and Glauconial.

These strata are placed in the Upper Cretaceous
partly on fossil evidence and partly because of their
similarity to proved beds of Late Cretaceous age
farther eastward. Ostrea soleniscus Meek is common
in the Woodbine Formation of central and northeast
Texas. The known range of Ostrea soleniscus Meek
permits correlation with the Eagle Ford Formation,
although it also occurs in formations below and above
the Eagle Ford (Cobban and Reeside, 1952, chart).

The Upper Cretaceous rocks probably were depos-
ited on the floor of a body of shallow water as fine
clastic material which was transported by gentle cur-
rents. Because oysters grew abundantly and virtu-
ally to the exclusion of other kinds of benthonic life,
the environment of a brackish bay rather than the
edge of an open sea is suggested.

TERTIARY AND QUATERNARY SYSTEMS

In the report area the oldest rocks of probable
Tertiary age are the Square Peak Volcanics in the
northern part of the Quitman Mountains, where there
are also intrusive rocks that can be only slightly
younger than the volecanics. Intrusive rocks in other
parts of the area are presumed to be about the same
age as those in the northern part of the Quitman
Mountains. The volcanic rocks rest with angular
unconformity on the Cretaceous strata, which were
folded and faulted during the major orogeny that
affected the area and were then uplifted and extensively
eroded before the lavas erupted. Interpretation of
the history following deposition of the Cretaceous
beds is handicapped by a lack of any direct dates
on these igneous rocks. The only beds of Tertiary
and Quaternary ages that are dated on the basis of
contained fossils are basin deposits which are ex-
posed mainly in the Hueco Bolson and are uncon-
formable on the igneous rocks. Although mapped
as one unit, these basin deposits consist of two units,
the older of which is probably Pliocene and the
younger probably early Pleistocene. Five forma-
tions of gravels on erosional surfaces are younger
than the basin deposits, and two terrace deposits
along the Rio Grande are still younger. Alluvium,
colluvium, and windblown sand are widespread in
the area and make up the youngest deposits.

Discussion of the rocks of the Tertiary and Qua-
ternary Systems is arranged generally according to
age sequence of the units in so far as the sequence is
known. Because the youngest units are in part
equivalent, however, their presentation by age is not
followed in a strict sense.

IGNEOUS ROCKS OF TERTIARY AGE

Igneous rocks have their greatest areal extent and
their greatest volume in the central part of the
Sierra Blanca area, in the northern part of the Quit-
man Mountains, and in the Sierra Blanca peaks, but
smaller bodies occur in other parts of the area. A
thick body of chiefly rhyolitic and trachytic lava
(the Square Peak Volcanics) occupies a circular area
in the northern part of the Quitman Mountains.
Intrusive igneous rocks form a stock, laccoliths, and
miscellaneous bodies, which include attendant sills
and dikes. The large intrusive bodies of the north-
ern part of the Quitman Mountains are discordant,
but those of the Sierra Blanca peaks are largely con-
cordant.

We undertook no comprehensive petrographic study
of the igneous rocks, although we made field obser-
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vations on their gross structures and shapes, their age
relations with respect to each other and to adjacent
sedimentary rocks, and lithologic variations within
the larger bodies.

IGNEOUS ROCKS OF THE NORTHERN PART OF THE QUITMAN MOUNTAINS

Extrusive and intrusive igneous rocks cover most
of the northern part of the Quitman Mountains. This
area was studied by Huffington (1943, p. 1027-1043;
petrographic description, p. 1027-1038) from whose
report the following discussion is in part summarized.

SQUARE PEAK VOLCANICS

The Square Peak Volcanics, which were named
Square Peak Volcanic Series by Huffington (1943,
p. 1027), form some of the highest and most rugged
peaks of the northern part of the Quitman Mountains.
They have a total thickness of about 3,500 feet and
consist of about 80 percent rhyolite and trachyte flows,
5 to 10 percent latite and quartz latite flows, 1 to 5 per-
cent andesite and basalt flows (only one basalt flow
was noted), 1 to 5 percent tuff (welded and crystal of
rhyolitic to trachytic and quartz latitic composition),
and 5 to 10 percent breccia and flow conglomerate.
The lavas are generally fine grained and are equi-
granular to porphyritic; some are massive, others are
vesicular, and some have conspicuous flow banding.
In places, flow conglomerate, volcanic breccia, and
tuff are interspersed between flows. Most of the in-
dividual volcanic rock units cannot be traced far,
although one flow conglomerate was traced about
8,000 feet along the strike. Single flows or units of
flow conglomerate are a few feet to 200 feet thick.
The flow conglomerates consist of fragments of older
lavas and sedimentary rocks in an igneous matrix.
The sedimentary rock fragments appear to have been
derived chiefly from gravel or rubble over which the
lavas flowed.

Although the voleanic rocks are not perfectly strati-
fied according to differences in composition, a general
order of succession is apparent. The earlier volcanic
rocks are mostly rhyolitic. Next above is a sequence
of interbedded trachyte and rhyolite succeeded by a
few flows of latite. The youngest lavas are chiefly
trachytes that approach rhyolite in composition and
are more vesicular than the earlier flows. Flows con-
taining a high percentage of lava fragments are most
numerous in the lower half of the volcanic series.

This succession of rocks in the Square Peak Vol-
canics broadly resembles the sequence in the Eagle
Mountain area, about 20 miles to the southeast, where
Gillerman (1953, p. 35-37) identified two rhyolitic
series separated in time by trachyte porphyry.
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The vents or fissures from which the Square Peak
Volcanics issued have not been found, although a pos-
sible minor vent may be represented by a small brec-
cia pipe that cuts the Bluff Mesa Limestone on the
west wall of Black Canyon; this pipe is shown as
part of the Square Peak Volcanics on the geologic
map, plate 1. Other feeders may have been obliter-
ated by the younger intrusive rocks.

INTRUSIVE ROCKS

The Quitman pluton (Huffington, 1943, p. 1034),
the main pluton in the northern Quitman Moun-
tains, forms a ring-shaped outcrop around the Square
Peak Volcanics. The ring is continuous at the sur-
face except on the east side where it is covered by
alluvium in places, but isolated hills of intrusive rock
suggest that the pluton is almost continuous beneath
the Quaternary deposits. The oldest rocks in the
pluton are diorite and quartz diorite, which remain
only as scattered small bodies and as inclusions in
the younger rocks. Quartz monzonite and lesser
amounts of granodiorite form most of the pluton, but
monzonite, granite, and syenite each account for about
10 percent of the volume. Most of the rocks are gray
to pink, but some are green or yellowish brown. All
are porphyritic to finely or coarsely granitic. Aplite
and granite porphyry occur locally along the bor-
ders of the pluton, and a hybrid rock is common along
contacts with the lavas.

Several dikes cut the northern part of the pluton,
and small outlying dikes and sills intrude the Bluff
Mesa Limestone on Bug Hill. They consist of aplite,
granite porphyry, rhyolite porphyry, and quartz la-
tite porphyry.

STRUCTURE AND ORIGIN

In plan, the igneous rocks in the northern part of
the Quitman Mountains form an oval mass which is
elongate north to south. The Square Peak Volcanics
occur in the center of the mass. Structurally, these
volcanic rocks occur in a northward-trending asym-
metric syncline, whose west limb dips about 40° on
the average and whose east limb dips about 20°.
Some layers are vertical to overturned near the mar-
gins of the outcrops of the volcanic rocks, and several
small folds are superimposed on the main syncline.
This syncline appears to be unrelated to the struc-
ture in the older sedimentary rocks and thus related
only to the structural development of the igneous
rocks.

The intrusive rocks making up the plutonic part
of the mass of igneous rocks form an almost contin-
uous ovate body surrounding the volcanic rocks.
This pluton is younger than the Square Peak Vol-
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canics and cuts across both the lavas and the sedimen-
tary rocks along steep contacts. A water well drilled
about 11% miles southeast of Hilltop Cafe, within 150
feet of the west side of the pluton, penetrated sedi-
mentary rock for 610 feet without entering the igne-
ous rock; consequently, this part of the contact at
least must be nearly vertical or perhaps even in-
clined toward the pluton.

The rocks within the ring formed by the pluton
have evidently subsided to form the syncline in the
Square Peak Volcanics. As pointed out by Huffing-
ton (1943, p. 1042), the central part of the volcanic
rocks appears to have subsided about 3,000 feet, but
the sedimentary beds adjacent to the inner side of
the ring of the pluton seem to have subsided very
little. On the west side of the mountains the sedi-
mentary beds on the inner side of the ring may have
subsided as much as 300 feet.

The Quitman pluton is interpreted as a ring dike
having an accessory stock at the north end (Huff-
ington, 1943, p. 1040-1043). Our observations con-
firm the general concept, although we believe that the
straight part of the dike at the south end was largely
controlled by an older fracture developed during the
general deformation of the region and along which
there was later movement. The areal relation be-
tween the central voleanic rocks and the ring dike and
the subsidence of the rocks within the ring suggest
that this entire structure might also be interpreted
as an ancient small caldera (Williams, 1941, p. 242
and 246) that has been so eroded that the topographic
form of the caldera no longer remains. Basining of
the Square Peak Volcanics inside the ring of the plu-
ton may have been caused by recession of magma
from a chamber below the area during pulsatory
intrusive action.

INTRUSIVE ROCKS OF THE SOUTHERN PART OF THE QUITMAN MOUNTAINS

Dikes and some sills of rhyolite porphyry cut
formations of Early Cretaceous age in the southern
part of the Quitman Mountains. Most of the dikes
trend east-northeastward and were probably intruded
along shear fractures formed during the folding and
thrusting of the area; the widest is almost 300 feet
across, but most are less than 50 feet.

The fresh rock of both dikes and sills is almost
white (V9) to moderate yellowish brown (10YR
5/4) and weathers brown. The color determinations
were made on hand specimens, and colors with numer-
ical designations match those of the “Rock-Color
Chart” distributed by the National Research Coun-
cil (Goddard and others, 1948).

Quartz, plagioclase, and biotite phenocrysts occur
in a fine-grained groundmass that consists of alkalic
feldspar, quartz, and smaller amounts of biotite. The
texture is hypautomorphic to xenomorphic granular.
Green pitchstone forms part of a rhyolite sill in the
Kiamichi Formation near the east side of the range.

INTRUSIVE ROCKS OF THE FINLAY MOUNTAINS
GENERAL FEATURES

Dikes and sills of andesite and latite porphyries
are unusually abundant in the Finlay Mountains, the
dikes mainly in the west half of the range and the
sills mainly in the south half and the southeast
quarter. Only the more prominent dikes and sills are
shown on the geologic map (pl. 1).

Most of the dikes are 2 to 10 feet wide, but a few
are as much as 100 feet. They dip 70° to vertical
and fill joints and faults in strata of Permian and
Cretaceous age. In the western part of the Finlay
Mountains, the dikes radiate from the center of a
broad structural dome. A smaller dome to the east
shows no such pattern but is cut by the largest dike
in the area.

The sills are a few feet to 75 feet thick. Most of
them lie between beds of sandstone and limestone in
the upper part of the Cox Sandstone and the lower
part of the Finlay Limestone and thus are mainly
in beds higher stratigraphically than those in which
most of the dikes occur.

The dikes and sills belong to the same episode of
intrusion and are similar in composition. In parts
of the western Finlay Mountains, dikes join the floors
of sills without change of lithology or without cross-
cutting. Many dikelets issue from the upper parts
of sills and fill cracks in overlying strata. In most
places, however, the paths by which magma rose to
enter the sills are not visible. The two domes and
the pattern of radiatﬁng dikes in the larger one sug-
gest that the sources of the magma in the dikes and
sills may have been from intrusive bodies beneath the
domes. Such intrusive bodies probably caused the
doming, as discussed further in the section on struc-
ture.

PETROGRAPHY

The dikes and sills consist of latite porphyry,
andesite porphyry, and hornblende andesite porphyry.
All are holocrystalline and have phenocrysts of feld-
spar and amphibole set in a microcrystalline ground-
mass. Some of the thicker sills are differentiated
and consist of both andesite and latite or of andesite
and hornblende andesite.

Andesite porphyry is most common. Fresh surfaces
of the rock are light olive gray (5Y 6/1) to pale
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yellowish brown (10YR 6/2). The phenocrysts of
andesine or oligoclase, hornblende, and augite are
mostly euhedral, and are from 0.5 to 3.5 cm long.
Feldspar laths in the groundmass are subparallel in
some sections and randomly oriented in others.

Hornblende andesite porphyry forms many of the
dikes and sills in the western part of the mountains.
This rock is light to dark gray, commonly with an
olive to greenish cast (5Y 6/1 to 5GY 4/1). Crys-
tals of hornblende 0.3 to 1.0 cm long ordinarily make
up 10 to 25 percent of the rock. These, along with
euhedral crystals of plagioclase (andesine to labrador-
ite) and scattered books of biotite, are set in a matrix
of feldspar laths.

Latite porphyry forms a few of the thicker sills
in the southeastern part of the mountains. This rock
is generally lighter colored than the others and ranges
from light olive gray (5Y 6/1) to grayish orange
(10 YR 7/4) and pale red (10R 6/2). Orthoclase
and sanidine crystals 2 mm to 2 ¢cm long form the
more conspicuous phenocrysts. These and smaller
crystals of sodic plagioclase and ferromagnesian min-
erals are embedded in a generally trachytic ground-
mass of feldspar laths.

All three varieties of rock are generally somewhat
altered. Most feldspar grains contain some secondary
sericite and calcite in and around them, and the
amphibole is locally altered to chlorite and carbonate
minerals.

BELATIONS TO FAULTS

The intrusive bodies are younger than the con-
spicuous high-angle fault that cuts westward along
the southern part of the mountains. At least five
sills end against one side or the other of this frac-
ture, without evidence of faulted extensions on the
opposite side. In several places dikes that show no
shearing are frozen against the fault plane or occupy
parallel breaks nearby.

The joints and minor faults radiating from the west
dome are evidently tension cracks formed during the
arching of the sedimentary rocks. Because the dikes
that occupy many of these fractures are unsheared
and firmly frozen to the wallrock on either side, the
fractures must be older than the dikes. The same
is true of a thick dike that follows the fault along
the west side of the east dome. If the twin domes
were uplifted by laccoliths or stocks, the dikes may
have been emplaced very soon after development of
the radial and peripheral fractures.

The intrusive bodies are older than minor vertical
faults of northerly trend in the southeastern part of
the mountains. These faults are not followed by
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dikes, and they displace several sills by as much as
a few tens of feet.

INTRUSIVE ROCKS OF THE FLAT MESA-TEXAN MOUNTAIN AREA
GENERAL FEATURES

In the Flat Mesa-Texan Mountain area, latite por-
phyry forms sills and mainly vertical dikes in the
Cox Sandstone. One prominent sill on Texan Moun-
tain is along the contact between the Cox Sandstone
and the Finlay Limestone. Several of the sills are
almost 250 feet thick. Contacts between the sills
and sedimentary rocks are slightly irregular in detail.

PETROGRAPHY

The latite porhyry is yellowish gray (5Y 7/2) to
light olive gray (5Y 6/1), except where iron oxide
has imparted an orange cast. Many of the sills con-
tain prominent sanidine phenocrysts as much as 2 cm
long which weather from some outcrops in a multi-
tude of perfect crystals. (See Lonsdale and Adkins,
1927.)

The groundmass is aphanitic and forms about 60
percent of the rock. As seen in thin section, feldspars
compose about 95 percent of the identifiable pheno-
crysts in the groundmass. Some hornblende occurs
in needles a few millimeters long, and a little quartz
is found in rounded and corroded grains scarcely
more than a millimeter in diameter. The ratio of
plagioclase, chiefly oligoclase, to potassic feldspar
is 2:1 to 3:1. The plagioclase laths are less than 8
mm long. Accessory sphene, apatite, hornblende, and
probably magnetite form about 2 percent of the rock.
Secondary calcite has partially replaced the other
minerals.

INTRUSIVE ROCKS OF THE SIERRA BLANCA PEAKS
LACCOLITHS
Structure

Five rhyolitic laccoliths form Sierra Blanca, Round
Top, Little Round Top, Little Blanca Mountain,
and Triple Hill.

The Sierra Blanca, Round Top, Little Round Top,
and Little Blanca Mountain laccoliths intruded strata
of Washita age. The Triple Hill laccolith intruded
limestone beds of the Campagrande Formation, at
least 1,600 feet stratigraphically below the beds in-
vaded by the other laccoliths.

At several localities sedimentary strata overlie these
intrusive bodies concordantly. On the south side of
Sierra Blanca, beds of Washita age rest against the
igneous rock and dip southwest at an angle of about
55° (fig. 41). The contact is parallel to the bedding,
and the sedimentary rocks directly above it are altered
to quartzite and hornfels. At Triple Hill, strata of
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FiGURE 47.—Part of the Hueco Bolson showing east limit of exotic pebbles in gravel of younger basin deposits.
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FicURe 48.—Diagrammatic section showing the relation between
older basin deposits (Qho) and younger basin deposits (Qhy) and
gravel (Qp) on a pediment., Section is drawn along a line north-
east from Cox School. (For lithologic symbols, see fig. 44.)

least 70 feet above its initial level. Presumably this
river was the Rio Grande because there is no evidence
that external drainage of the bolson has been inter-
rupted since the exotic gravel was deposited.

The manner in which the Rio Grande became estab-
lished in the Hueco Bolson cannot be determined in
the Sierra Blanca area. Southeast of the mapped
area, the Rio Grande crosses many bedrock ridges and
mountains, any one of which might formerly have
obstructed external drainage. These barriers could
have been breached, and the river could have assumed
its present course by being superimposed from a sur-
face on the older basin deposits or by overflow and
resultant downcutting as the basin was filled to the
brim by sediment and water. Ponding and overflow
at the south end of the basin has been suggested by
Kottlowski (1958, p. 48). Superposition is indicated
at the south edge of the mapped area, where the Rio
Grande has cut a canyon through bedrock hills sur-
rounded by the more easily eroded basin deposits.
A fuller understanding of the history of the Rio
Grande must await further studies both upstream and
downstream from the Sierra Blanca area.

AGE AND CORRELATION OF BASIN DEPOSITS

The older basin fill is probably younger than middle
Pliocene age, and the younger fill is probably early
Pleistocene. Collectively, the older and younger fills
may correspond to the upper part of the Stanta Fe
Group in the Rio Grande valley of New Mexico.

W. S. Strain (1959) assigned a Blancan age to his
unit B, the younger basin deposits of our report, from
fossil collections that include ZEquus (Plesippus),
Nannipus, Testudo, Tapirus, Megalonyxz, and Glypto-
don along Camp Grande, Diablo, and Madden Arroyos
and Arroyo Balluco. Strain’s collections are from the
lower part of the younger deposits and below an ash
bed that was correlated by Howard A. Powers (writ-
ten commun., 1960) on a mineralogical basis with the
Pearlette Ash Member of the Sappa Formation.

The beds of Blancan age were formerly placed only
in the late Pliocene (Wood and others, 1941, pl. 1 and

p- 31; Simpson, 1947, p. 481), but later evidence favors
reassignment to include the Nebraskan Glaciation (in-
cluding early part of the Aftonian Interglaciation by
some writers) of the Pleistocene (Evans and Meade,
1945; Meade, 1945; Frye, Swineford, and Leonard,
1948, p. 521; McGrew, 1948, Elias, 1948; Frye and
Leonard, 1957) or to the Aftonian (Hibbard, 1958a,
p. 24). On the basis of the fauna contained in the
younger basin deposits below the ash bed, these de-
posits are early Kansan age or older according to
Strain (1959, p. 875), and the ash bed is late Kansan
on the basis of correlation with the Pearlette Ash
Member of late Kansan age (Hibbard, 1958b, p. 55).
The occurrence of Tapirus and Testudo in these beds
suggests that the climate was warm at the time of
deposition of the younger basin deposits and that
these deposits below the ash bed, then, might be pre-
Kansan interglaciation or Aftonian (Strain, 1959,
p. 375).

From his unit A, the older fill of our report, Strain
(1959) collected Testudo, Geomys, Nannipus, Stgmo-
don, Citellus, and Scelopus and, based on the occur-
rence of Zestudo and Sigmodon, concluded that this
fill was probably deposited at a time of warm climate.
He (Strain, 1959, p. 375-376) was less certain of the
dating than for his unit B but believed that unit A
could be Pliocene or perhaps a Pleistocene interglacia-
tion, probably Aftonian. That both the older and
younger basin deposits are Aftonian seems unlikely.
Most important to the history, however, is the dating
of the younger deposits and the indication that the
Rio Grande started flowing through the Hueco Bol-
son during early Pleistocene time.

Similarities in topographic position, lithology, and
mode of origin suggest that the basin fill may corre-
spond to the upper part of the Santa Fe Group. Like
the deposits of the Hueco Bolson, the Santa Fe is a
complex accumulation of fanglomerate and finer
grained clastic sediment of local origin and of sub-
ordinate playa deposits and gravel beds laid down
in part by through-flowing streams. The deposits
are further alike in that they are deformed and broken
by faults, truncated by pediments, and associated with
basaltic rocks. (For descriptions of the Santa Fe
Group, see Bryan, 1938, p. 205-209; Denny, 1940a and
b; Wright, 1946; Stearns, 1953, p. 472-475, 493-501.)

The Santa Fe Group is usually assigned a middle(?)
Miocene to Pleistocene(?) age. Remains of Plesippus
and Rhyncotherium collected from this formation
near Socorro, N. Mex., indicate that the Santa Fe
ranges up into the Blancan age (Wood and others,
1941, p. 31). On reclassification of the Blancan fauna,
the Santa Fe would range in age from middle(?)
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Miocene probably through the Nebraskan Glaciation
and Aftonian Interglaciation of the Pleistocene. In-
tegration of basins along the Rio Grande depression
thus may have been accomplished by the ancestral
river no earlier than the beginning of the ice age and
not during the Pliocene as commonly supposed. Reso-
lution of this problem waits upon discovery and iden-
tification of fossils in the axial gravels within the
Santa Fe along the upper reaches of the Rio Grande
depression. Certain rushes collected from axial grav-
els of the San Acacia area, New Mexico (Denny, 1940b,
p- 93), are reported by Darrah to be “of almost mod-
ern aspect” and are perhaps more suggestive of a
Quaternary than a Tertiary age.

SEDIMENTARY AND IGNEOUS ROCKS OF QUATERNARY
AGE

POSSIBLE VOLCANIC NECKS IN THE HUECO BOLSON

South of the Malone Mountains in the Fort Quit-
man quadrangle, two conical hills covered with basalt
boulders rise 60 to 120 feet above the level of the
Hueco Bolson. No bedrock is exposed on the smaller
hill, north of U.S. Highway 80, but quarries in the
larger hill south of the highway show that the hill
is a mass of igneous rock. Both hills are probably
volcanic necks that have penetrated the alluvial fill
of the bolson; they are probably younger than the
older basin deposits and older than the gravel caps,
such as the surrounding Gills Gravel (table 11).

As seen in 1949, the quarry face along the southeast
side of the larger hill was about 150 yards long and
80 feet high. Most of the rock exposed in the face
is amygdaloidal basalt obscurely layered in horizontal
or gently inclined units 10 to 20 feet thick. In places,
elongate amygdules are parallel to the crude layering.
Irregular vertical pipes of basaltic breccia cut the
stratified rock at intervals of 60 to 70 feet. The con-
tact between the basalt and the basin fill was not ex-
posed. However, the rounded plan of the hill, its
elevation above the surrounding alluvial plain, the
breccia pipes, and the absence of lava in the older
alluvium of this region suggest that the basalt marks
a volcanic neck. We could not determine whether a
smaller outcrop of basalt directly to the south pos-
sibly marks a subsidiary vent.

Specimens collected from the quarry are medium-
gray to medium dark-gray (N4 to N5) fine-grained
basalt porphyries. Phenocrysts of olivine, averaging
less than 1 mm across and mostly altered to iddingsite,
are set in a felted matrix of labradorite laths, with
abundant fine intergranular iddingsite. Amygdules
are made of interlocking crystals of quartz and cal-
cite; the calcite is concentrated toward the centers.

GRAVEL AND CALICHE ON SURFACES OF EROSION

Five erosion surfaces capped with gravel, caliche,
or both occur in the Hueco Bolson. The gravels of
the different surfaces are of about the same lithology,
but differences in elevation, slope, and degree of
weathering indicate that they are of different ages.
The gravel is of local origin, so that deposits of the
same age differ from place to place, all of them being
finer away from the mountains and toward the Rio
Grande. Bedding is generally obscure, but locally the
gravel is evenly stratified or is in lenticular beds con-
taining moderately well sorted fragments.

The gravels were deposited both on pediments and
on terraces, which grade into each other. Gravel of
a given age caps both kinds of landforms, and all the
gravels are mapped according to age rather than to
occurrence on a specific type of landform. The pedi-
ments are cut chiefly on basin deposits, though locally
at mountain edges on bedrock. In most places, these
pediments truncate the basin deposits at low angles
because the pediments slope gently and the basin de-
posits are almost horizontal. Where the basin deposits
are deformed, the angular unconformity between them
and the pediment gravel is pronounced.

The height of any of the gravels above the arroyo
floors varies widely, because the arroyos have differ-
ent gradients from those of the pediments or terraces.
In general, the gravels lie 10 to 300 feet above the
present flood plains.

Calcium carbonate in some of the limestone gravel
has been leached and deposited as masses of secondary
calcium carbonate or caliche. Where the entire cap
is made of caliche, the geologic map is marked by
special symbols (for example, Gills Gravel capped
with caliche, pl. 1). The middle three of the five
surfaces have prominent caps of caliche in places, but
the oldest and the youngest do not. The maximum
thickness of the caliche is about 3 feet. In most of the
gravels, even where a thick crust has not formed, white
films of calcium carbonate coat pebbles and cobbles,
particularly in the upper few feet of the deposit.
Limestone pebbles in the caliche vary widely in degree
of solution. Some have been only slightly etched on
top; others have been faceted on their upper surfaces;
and still others have been reduced to thin, flat strips
of limestone, some of which have an open space above
that shows the outline of the pebble and a coating of
caliche on the underside.

The gravels on the surfaces of erosion are here
named the Miser, Madden, Gills, Ramey, and Balluco
Gravels, in order of decreasing age. Data on these
gravels are summarized in table 11.
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TABLE 11.—Summary of data on gravel of Quaternary age on surfaces of erosion

Formation Type locality Composition of fragments Size and shape of Thickness Height above arroyos | Relation to next
fragments youngest gravel
Along Arroyo Balluco | Limestone, sandstone, quartzite, | Sand to boulders, angular 6 in. to 20 ft; locally Generally 10 to 40 ft;
Balluco south of U.S. High- conglomerate, and extrusive to subrounded; some clay veneer is no thicker in places almost at
Gravel way 80. and intrusive igneous rocks. and silt. than diameters of stream level.
fragments.
One mile northeast of | Limestone, sandstone, quartzite, | Sand to boulders, angular to | 1 to 25 ft. 10 to 70 ft. 5 to 20 ft above.
Ramey Station on conglomerate, and extrusive subrounded; some clay
Ramey Southern Pacific and intrusive igneous rocks; and silt.
Gravel railroad track. many basalt pebbles and
cobbles southwest of basalt
hills near U.S. Highway 80.
West side Arroyo Limestone, sandstone, quartzite, | Sand to boulders, angular 1to 25 ft. 60 to 80 ft. 5 to 15 it above.
Gills Calero about 214 and extrusive and intrusive to subrounded, mostly
Gravel miles north of Gills igneous rocks; some claystone smoothed edges; some
Ranch. in thin layers and angular frag- clay.
ments.
South side Madden Limestone, sandstone, quartzite, | Sand to boulders, angular 1 to almost 30 ft. 10 to 110 ft. 5 to 20 ft above
Arroyo in north- conglomerate, and extrusive and to subangular; some clay. Gills and
Madden west corner Fort intrusive igneous rocks, all Ramey gravels
Gravel Quitman quad- from local sources; some clay- where adjacent
rangle. stone in layers and angular to them.
fragments, probably derived
from older basin deposits.
Miser Arroyo along Chiefly limestone, sandstone, Sand to boulders, angular 1 to 20 ft. 200 to 300 ft.
) southwest edge of and quartzite derived from to subangular; commonly
Miser southern part of nearby parts of Quitman smoothed edges.
Gravel Quitman Moun- Mountains; less common par-
tains. ticles of extrusive and intrusive
igneous rocks.

The gravelly deposits on the erosion surfaces ap-
pear to be of Quaternary age. If the younger basin
fill is no younger than Kansan, the gravels are post-
Kansan because they rest upon surfaces that truncate
the younger fill. In the absence of fossils or other
means of dating the gravels, the relation to the main
Pleistocene sequence or even to the pediments in the
upper Rio Grande depression of New Mexico would
be merely speculative. Presumably the repeated
trenching and pedimentation of the bolson and for-
mation of the terraces were related to fluctuations in
the rate of downcutting along the Rio Grande. We
cannot be sure of the cause of these fluctuations, how-
ever, until much more extensive studies are made
along this river. The fluctuations may be related to
climatic changes during the Pleistocene, or they might
be tectonically controlled. By a mechanism recently
suggested by Hack (1960), however, neither climatic
nor tectonic changes are required to produce such a
series of surfaces. According to Hack, the cutting
of a series of pediments is a continuing process de-
pendent largely on contrasts in rock resistance. He
postulates that streams rising in the basin perform
most of the erosion while those heading in the moun-
tains transport gravel and deposit it in front of the
mountains so that areas along these streams are ag-
graded and protected by a gravel armor until an
eroding basin stream destroys it. This process is simi-
lar on a large scale to that described for the gravel-
covered area at the mouth of Black Canyon. Under

Hack’s concept, no cyclic changes or times of stabili-
zation of the local base level are required to form a
series of erosional surfaces.

TERRACE DEPOSITS ALONG RIO GRANDE

Two alluvial terraces border the flood plain of the
Rio Grande, and the higher one extends along some
of the tributary arroyos. The higher and older ter-
race is about 40 feet, and the lower, 15 to 20 feet,
above the Rio Grande flood plain. The relation of the
terrace deposits to other units of Cenozoic age is shown
on figure 49.

The alluvium in the terraces consists chiefly of
coarse sand and gravel and some fine sand, silt, and
clay. The pebbles in the gravel are angular to moder-
ately well rounded and are mostly half an inch or less
in diameter, although some are as much as 6 inches.
These terrace deposits are dated only as younger than
the Balluco Gravel and older than the alluvium along
the Rio Grande and the arroyos.

ALLUVIUM AND COLLUVIUM

Alluvium and colluvium form an extensive cover
in parts of the report area. As mapped, the alluvium
consists of material deposited along the modern
streams, and the colluvium consists of slope-wash de-
posits, soil-creep deposits, talus, and some thin alluvial
deposits. Colluvium is separated into two units: (1)
older colluvium and (2) mixed and undifferentiated
alluvium and younger colluvium.
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FIGURE 49.—Relations between seven rock units of Cenozoic age, as exposed at Esperanza.

OLDER COLLUVIUM

The older colluvium remains only on steep slopes
and is confined to the general area of the Sierra
Blanca peaks. It consists of angular fragments chiefly
of cobble size or larger. On the north side of Little
Blanca Mountain, the colluvium forms a talus that
has crept down the slope by gravity.

These deposits are now being dissected. Some of
the hills capped with remnants of colluvium stand
more than a mile from the mountains that supplied
the fragments. The outliers on hills near Ramsey
Tank, northeast of Triple Hill, and on hills north of
Round Top are definitely older than the Madden
Gravel and probably younger than the basin fill in
the Hueco Bolson. The deposits probably formed at
a time when frost action was more pronounced than
it is today, possibly in the late Pleistocene.

UNDIFFERENTIATED ALLUVIUM AND YOUNGER COLLUVIUM

The undifferentiated alluvium and younger collu-
vium cover extensive areas around the margins of
hills and mountains. Like the alluvium along flood
plains of arroyos in the east half of the Sierra Blanca
area, these deposits consist of silt and sand and larger
angular fragments of the local bedrock. Some of the
coarser materials, however, have been moved mainly
by gravity and rill wash from steeper slopes near the
margins of bedrock exposures. The size of the frag-
ments decreases away from the bedrock sources. These
mixed colluvial and alluvial deposits are generally not
subject to wash or flood at present, although sheet
floods occasionally move over some of them.

The thickness of the undifferentiated deposits has
not been determined in most places, although the
water wells on the Diablo Plateau penetrated as much
as 40 feet of these deposits before striking the bed-
rock. Adjacent to some of the mesas on the plateau,

the colluvial deposits are probably several tens of
feet thick.

These deposits are still accumulating, but the oldest
parts probably began to be deposited during the
Pleistocene Epoch.

ALLUVIUM

Widespread deposits of alluvium form the flood
plains of the Rio Grande and of the arroyos. These
deposits along the river consist of material derived
both from local sources and from sources outside the
report area, whereas those along the arroyos con-
sist of material derived only from local sources.

The alluvial deposits of the Rio Grande flood plain
are sand and silt, which contain scattered lenses of
gravel or clay. Much of the material is a poorly
sorted mixture of sand, silt, and clay. In its natural
course, the river is meandering, as shown by the many
cutoffs and sloughs which marked its former positions.
As most of the flood plain is cultivated, shifts in the
course of the river not only made irrigation difficult
but also created legal problems related to the inter-
national boundary between Mexico and the United
States. Accordingly, the course of the river has been
artificially straightened, and the banks have been
covered with riprap.

Alluvium under the flood plains of the arroyos con-
sists of lenticular beds that range in texture from
clay to boulders, derived from the bolson and its
bordering uplands; much of the alluvium has been
introduced into the arroyos by caving of banks dur-
ing and after floods. Most of the alluvium is no
more than a few feet thick, but in places it is almost
50 feet thick. The arroyos of the Hueco Bolson have
relatively even floors in which the main water course
is incised a few feet to 10 feet below the flood-plain
surfaces. During most rains the water flows along
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the principal channel and sinks rapidly into the un-
derlying sand and silt. During heavy rains the water
may cover the entire width of the flood plain. Where
the arroyos join the Rio Grande flood plain, low al-
luvial fans have been constructed. In most places,
the river has eroded the edges of these fans to form
low scarps at the margin of the Rio Grande flood
plain.

McConnell and Crim (1941) found hearths and
pottery buried in the flood plain of Campo Grande
Arroyo in the Finlay Mountains. In their report,
the pottery has been dated as probably no older
than 1150 A.D., and the alluvium has been correlated
with the Kokernot Formation of Albritton and Bryan
(1939) of the Davis Mountains area of Trans-Pecos
Texas.

WINDBLOWN SAND

Windblown sand covers broad areas in the west
quarter of the report area. The two largest dune
fields are remarkably unlike in their topographic sit-
uation, one being on the higher part of the Diablo
Plateau and the other in the lower reaches of the
Hueco Bolson. These fields do not connect across the
rimrock of the plateau, but both are parts of a larger
complex of eolian deposits centering in the bolson
farther to the northwest.

The sand dunes on the Diablo Plateau are largely
inactive, except around blowouts or the heads of
gullies, and are covered with cactus and scrub. The
sandy surface is characterized by smoothly contoured
hillocks rising 10 to 30 feet above irregular undrained
depressions. Samples of sand collected near Granite
Mountain are made up of fine subangular to sub-
rounded quartz gains, many of which have a thin
coat of iron oxide that imparts a light-brown color
to the sands.

Stabilized dunes similar to those on the platean
cover the broad divides between arroyos in the Hueco
Bolson, especially below an altitude of 4,100 feet and
west of Arroyo Balluco, and occur from place to place
on the Madden, Ramey, and Balluco Gravels. Sam-
ples collected along Arroyo Balluco are light brown,
like the sand on the plateau, but the grains are sub-
rounded to well rounded and mostly medium to
coarse.

Patches of windblown sand also border the flood
plain of the Rio Grande and extend for short dis-
tances up tributary valleys. Many of the dunes are
active or are only partly anchored by vegetation; much
of this sand appears to be reworked from alluvial
deposits of the flood plain.

Although the eolian deposits are shown on the
geologic map by a single symbol, the sands indicate
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at least two episodes of accumulation. Active dunes
along the flood plain of the Rio Grande, in blowouts,
and along the floors and sides of arroyos are obviously
products of the present dry climate. The fields of in-
active dunes on the Diablo Plateau and on the flat-
topped divides in the Hueco Bolson are relicts of
earlier episodes of dune building. These dunes have
been modified by creep and wash and are being de-
stroyed by headward erosion of gullies.

Probably the dune fields themselves contain deposits
of different ages. If the alternate channeling and
filling of the Hueco Bolson, after deposition of the
younger basin deposits, was ultimately controlled by
shifts from moist to dry climates, drifting of the
sands probably occurred periodically during the drier
periods; however, a systematic search was not made
for such evidence. Those dunes on the broad divides
west of Arroyo Balluco are obviously younger than
the Balluco Gravel, and the similar dunes on the
Diablo Plateau may be younger also, but no evidence
on which to establish their age has been found. The
association of pottery and artifacts with dunes along
Arroyo Balluco near Madden and elsewhere suggests
that archeological studies might amplify and refine
the stratigraphy of the eolian deposits.

STRUCTURE
THE TECTONIC DIAGRAM

The tectonic diagram (pl. 7) shows the principal
structural features of the Sierra Blanca area and il-
lustrates the structural contrast across the boundary
between the stable platform and the mobile belt. Con-
tours drawn on the top of the Cox Sandstone depict
the folds and domes in the northeastern part of the
area; lines indicate the faults and fold axes in the
more complexly deformed beds in the thrust blocks
to the southwest. As the Cox Sandstone and the Fin-
lay Limestone are intertonguing units, the contours
are not on a single stratigraphic horizon, but the
distortions resulting from this variation are probably
inconsequential.

Some of the intrusive igneous bodies occupy frac-
tures, and others have deformed the sedimentary
rocks. The laccolithic masses of Sierra Blanca Peak,
Little Blanea Mountain, Round Top, and Little
Round Top have their bases well above the top of
the Cox Sandstone and did not deform the strata
at the contoured horizon.

DOMES AND BASINS OF THE DIABLO PLATEAU AREA

The gently dipping strata of the Diablo Plateau are
deformed into domes, anticlines, and basins. Along
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the southwest margin the beds bend under the hang-
ing wall of the Devil Ridge thrust. Small folds and
structural basins are superimposed on this flexure
around the north end of the Quitman pluton.

THE DIABLO PLATEAU PROPER

Over most of the Diablo Plateau, the Cretaceous
strata dip less than 2°, but the dip slopes and cliffy
ledges of the Finlay Limestone disclose reversals of
dip related to open folds trending N. 60°-80° W.
From south to north, the principal folds are (1)
an anticline extending from the Gunsight Hills south-
east to Round Mountain, where the axis curves north-
eastward and the fold is broken by a normal fault
striking west-northwest, (2) a syncline that merges
northwestward with a homoclinal structure which
slants upward toward Granite Mountain, and (3) a
shallow syncline in the northeast corner of the
mapped area. The two synclines are separated by
a structural terrace.

A dome at the Gunsight Hills appears to lie along
the axis of the Round Mountain anticline, although
in the saddle between the two hills the dips are so
gentle that reversals are difficult to detect. Near the
Gunsight Hills the vertical closure on the top of the
Cox Sandstone is about 300 feet. The resemblance
between the shape of this dome and the domes of the
Finlay Mountains, which were formed by intrusion
of igneous bodies, suggests that the dome of the Gun-
sight Hills may have been uplifted by an igneous in-
trusion, but a well drilled to a depth of 2,705 feet
did not penetrate igneous rock.

The south edge of the Diablo Plateau is a south-
ward-facing topographic escarpment formed prin-
cipally of Cox Sandstone. West of Round Mountain
this edge consists of discontinuous scarps lying en
echelon. East of the report area, where Permian and
older rocks are exposed, the scarp is higher and more
continuous (King, 1949; King and Flawn, 1953, pl. 3).

Several short normal faults were mapped in the
vicinity of the scarps, but none were observed in the
plateau just to the north. This fact suggests that in
places the scarps are related to faults, but if so,
these faults are largely hidden beneath the widespread
cover of alluvium. Faults appear to decrease in size
and number westward across the area, as has been
indicated previously (King, 1949). A fault can rea-
sonably be inferred to extend along the south side
of the escarpment east and west of Round Mountain
and is apparently the western continuation of the
South Diablo fault of the area farther east (King
and Flawn, 1953, p. 112-117, pls. 2, 8). In places
along the lower escarpment, we have mapped faults
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en echelon to the southwest but were not able to
establish their continuity. Near Mock Tank and
Sand Tank, this scarp seems to have been produced
more by flexing than by faulting.

The more persistent faults strike west-northwest-
ward. Most are nearly vertical, and few have throws
of as much as 50 feet. The greatest observed dis-
placement (140 feet) is on a fault 5 miles northwest
of the Finlay Mountains.

MARGINAL BELT SOUTH OF THE DIABLO PLATEAU

Along the south margin of the plateaun, in a belt
7 miles wide, Cretaceous strata are flexed down toward
the southwest; the south border of this belt is the
trace of the Devil Ridge thrust. Small folds and
domes are superimposed on the flexure, and the strata
are broken by faults trending west to northwest.

Between Sierra Blanca Peak and the Quitman
Mountains, a syncline plunges southeastward beneath
the hanging wall of the Devil Ridge thrust (pl. 8).
This fold broadens toward the northwest and disap-
pears along the east side of the Finlay Mountains.

Faults are numerous in the marginal belt, but
none of them persists for more than a few miles.
Collectively the faults describe a broad arc, convex
toward the northeast. In the Finlay Mountains,
along the western part of the arc, the more persistent
faults strike westward. Near Sierra Blanca and
Texan Mountain, they strike N. 30°-55° W. The
fault passing directly north of Texan Mountain is
the largest and has a throw of about 900 feet. Most
of the faults are downthrown on the northeast.

Many faults shown on the tectonic diagram (pl. 7)
are in areas covered by Cenozoic deposits, and their
presence is inferred from nearby outcrops and pro-
jections of the structure contours. Very likely there
are many more covered faults than are shown.

Three small thrusts in the marginal belt have dis-
placements of less than 50 feet. One that is about 3
miles south-southwest of the Gunsight Hills dips
south at a low angle, and two on Flat Mesa dip
southwestward at low angles. These thrusts mark the
northernmost limit of thrusting beyond the Sierra
Madre Oriental.

UPLIFT CAUSED BY INTRUSIONS OF THE IGNEOUS BODIES

The structural dome at Triple Hill and the two in
the Finlay Mountains were formed above masses of
intrusive rock. At Triple Hill part of the intrusive
core is exposed, and the tilted sedimentary rocks above
it are well exposed on the west and southwest flanks.
A well drilled on the east dome in the Finlay Moun-
tains (well 8, pl. 1) entered igneous rock at a depth
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of 1,575 feet. The radial pattern of dikes on the west
dome of the Finlay Mountains suggests that the dom-
ing was caused by an underlying magma body that
was parent to the dikes.

Steeply dipping beds on the flanks of the intrusive
bodies at Sierra Blanca, Little Blanca Mountain,
Round Top, and Little Round Top indicate that the
sedimentary rocks were domes over each of these
laccolithic bodies. Possibly the domes southeast of
Sierra Blanca Peak were also formed by intrusion.
The abundant sills south of Flat Mesa make this
area similar to the east dome of the Finlay Moun-
tains and thus suggest intrusive doming, but no drill
data are available to confirm it.

The Quitman pluton is a discordant body that not
only cut across adjacent strata but also dragged and
uplifted them. Uplift of beds near the northeast
edge of the pluton reversed the general southwestward
dip of the beds and formed a syncline between the
Quitman Mountains and Sierra Blanca Peak.

THRUST FAULT BLOCKS OF THE SIERRA MADRE
ORIENTAL

The area southwest of the Devil Ridge thrust is
divided into three blocks by northwestward-trending
thrust faults (pl. 9). Complexity of structure increases
to the southwest from thrust block to thrust block.

DEVIL RIDGE THRUST BLOCK
DEVIL RIDGE THRUST

The trace of the Devil Ridge thrust forms the
northeast edge of the Sierra Madre Oriental. This
trace trends about S. 40° E. across the mapped area
for 16 miles and continues southeastward along Devil
Ridge (Smith, 1940, p. 630 and pl. 1) and into the
Eagle Mountains, where it disappears beneath lava
(Gillerman, 1953, p. 41-42, pl. 1; Smith, 1941, p. 75—
76, pl. 1). It therefore has a total known length of
about 30 miles.

Areal relations of the stratigraphic units suggest
that northeast of Yucca Mesa the stratigraphic throw
may be about 4,500 feet. The dip of the thrust prob-
ably differs from place to place along the strike. Thus,
different formations in the lower plate occur at the
fault from place to place, but wherever the fault is
exposed, the gliding surface is on silty, shaly, and
sandy beds of Late Cretaceous age.

The fault is well exposed along the base of a hog-
back about 334 miles east of the mapped area, where
the Yucca Formation is thrust over the Eagle Ford
Formation and the fault surface dips 55° SW. The
stratigraphic throw here is almost 5900 feet. A
mechanical reconstruction based on the dip of the

GEOLOGY OF SIERRA BLANCA AREA, HUDSPETH COUNTY, TEXAS

beds, the dip of the fault, and the stratigraphic
throw indicates a minimium shortening or horizontal
displacement of about 414 miles (Smith, 1940, p. 630).
For about 6 feet beneath the fault, the beds of the
Eagle Ford (probably equivalent to undifferentiated
Upper Cretaceous rocks of the present report) are
crumpled and dragged into small folds. Small asym-
metric folds, some overturned to the northeast, also
occur in the Eagle Ford Formation 100 feet or so
below the thrust.

The thrust also crops out at the Etholen Knobs
and on hills to the south. Here the fault and the
strata beneath have been warped into a syncline by
uplift of the Quitman pluton, as first recognized by
Baker (1927, p. 41; 1930, pl. 1). Erosion has reduced
the overthrust block to klippen at the Etholen Knobs,
where resistant beds of the Etholen Conglomerate rest
on less resistant beds of Early Cretaceous age. The
stratigraphic throw in this vicinity is about 6,500
feet. Although natural exposures of the fault are
lacking, its position may be determined within a few
feet. Locally, the Upper Cretaceous strata in the
footwall are bent into small asymmetric or overturned
folds and have steep or overturned limbs on the
northeast.

West of Bluff Mesa, the Devil Ridge thrust pre-
sumably joins the Red Hills thrust, and the two con-
tinue northwestward as a single fault.

STRUCTURE WITHIN THE BLOCK

Strata within the Devil Ridge thrust block are
mainly homoclinal and have southerly or southwest-
erly dips of less than 30°, although local dips are as
steep as 55°. The strikes range locally from north-
west to northeast, but continuity of formations along
Devil Ridge, Yucca Mesa, and Bluff Mesa demon-
strates the essential structural simplicity within the
block. A shallow syncline crosses the west side of
Bluff Mesa. An overturned anticline and syncline on
the ridge southwest of Devil Ridge probably devel-
oped by drag beneath the Red Hills thrust.

Except for a small thrust near the southeast end
of Devil Ridge, all faults within the block are normal.
These faults strike northwestward and northeastward
and are mostly downthrown to the northeast or north-
west. Although some of the faults have curved
traces that suggest low dips, all observed dips are
steep or nearly vertical and indicate that the curves
are real and not due to topography. The greatest
throw observed is 280 feet, on a fault near the east
side of Yucca Mesa; throw on the other faults ranges
from 10 to 230 feet. In places, one fault ends against
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QUITMAN THRUST

T

FicUurB 51.—Structure section, across southern Quitman Mountains, showing Quitman
thrust and beds overturned more than 180° in the Quitman thrust block: Q, Quater-
nary deposits; Kf, Finlay Limestone; K¢, Cox Sandstone; Kb, Bluff Mesa Limestone;

Ky, Yucca Formation.

tudes of fracture cleavages. In places, the beds are
overturned more than 180° and dip eastward, form-
ing folds in the overturned limb (fig. 51).

On the west side of the northern part of the Quit-
man Mountains, the Bluff Mesa Limestone is folded
into an anticline that has a curved axis, concave to
the east. This is the Thirsty Dog anticline of Huffing-
ton (1943, p. 1021), who considered that the east limits
may have been steepened during subsidence of the
Square Peak Volcanics (Square Peak Volcanics Series
of Huffington, 1943) to the east.

In the hills in the small southern projection of the
mapped area, a normal sequence of beds in the Bluff
Mesa Limestone dips westward. Another isolated
outcrop of westward-dipping Bluff Mesa strata is on
a line with these hills and is northeast of the Cox
school. The Bluff Mesa Limestone is evidently re-
peated by folding or faulting beneath Cenozoic de-
posits between these outcrops and the Quitman Moun-
tains.

Normal faults in the Quitman thrust block are all
small. Most of them have throws of less than 30 feet
and trend northeastward, at right angles to the strike
of the beds and the thrust. Many of the limestone
beds contain veinlets of calcite 4 to 6 inches long,
which fill fractures that trend eastward. These frac-
tures form northeastward-trending belts roughly par-
allel to the normal faults. A group of dikes of this
same northeast trend cuts through both the lower
and upper plates of the Quitman thrust.

THRUSTS BENEATH THE CENOZOIC COVER OF THE
HUECO BOLSON

None of the three major thrusts is exposed west
of the Quitman Mountains, although by projection
the Devil Ridge thrust should extend into the Hueco
Bolson beneath the cover of younger alluvial deposits
between the Malone and Finlay Mountains, approx-

761-386 0—65——S8

Location of section is shown on plate 1.

imately along the dotted line shown on the geologic
map (pl. 1).

Logs of wells drilled in the bolson clearly show
that at least one major thrust fault, presumably the
Devil Ridge, extends to and perhaps beyond the west
edge of the mapped area. The Haymon Krupp Oil
and Land Co. Thaxton 1 well, directly west of Campo
Grande Mountain, crossed a thrust fault at a depth
between 1,875 and 1,404 feet. The Briggs 1 well,®
drilled by the same company at the northwest end of
the Malone Mountains, crossed a similar fault at a
depth of about 790 feet. The stratigraphic units pen-
etrated below the faults are in normal sequence and
are remarkably alike (Cannon, 1940). Interpretive
summaries of the sample logs are given in figure 52.

Assuming that the Finlay Limestone is 240 feet
thick in this area and the Cox Sandstone 700 feet, the
thicknesses drilled in the two formations would re-
quire that the dips be 12°-25° at the Thaxton well
and 25°-30° at the Briggs well. These dips are pos-
sibly of the right magnitude, as they approximate
the range of dips measured in the overridden block
near the trace of the Devil Ridge thrust farther
southeast.

The fault found in both wells is presumably com-
bined Devil Ridge and Red Hills thrusts. The fault
lies along or near the contact between the rocks of
Washita age and of Late Cretaceous age (probably
equivalent to the Eagle Ford Formation) in the Thax-
ton well and is in the upper part of the probably
Eagle Ford equivalent at the Briggs well. Nearby
in the northern Quitman Mountains, where traces of
the three major faults seem to converge, the Devil
Ridge is the only fault known to have strata of Late

8 The Patillo and Welch Briggs 1 was drilled to a depth of 1,135 feet
at a location about 600 feet due north of the Krupp Briggs 1 well. The
Patillo well crossed the thrust at an altitude between 3,372 and 3,302
feet and passed from the Briggs Formation into the Eagle Ford Forma-
tion. Many gaps in the log tmpair its usefulness.
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Cretaceous and Washita ages along its footwall.
The footwalls of the other two major thrust faults
are almost certainly in older rocks, presumably in
the Cox Sandstone. The structural complexity in
the Malone Mountains and at Campo Grande Moun-
tain is more like that in the Red Hills thrust block
to the east. The combination of stratigraphic throw
and structural complexity suggests that the Devil
Ridge and Red Hills thrusts join and continue north-
westward from the Quitman Mountains as a single
fault.
THE MALONE MOUNTAINS

The Cretaceous and older rocks are more strongly
folded in the Malone Mountains than in most other
parts of the Sierra Blanca area. Axes of the more
persistent folds are sinuous but generally trend north-
westward parallel to the trend of the range. In the
broader, northwestern part of the mountains, most of
the anticlines and synclines are open, and many are
nearly symmetrical. Toward the narrow southeast
end, the folds are sharper, more closely spaced, and
are locally overturned toward the northeast.

Three major structural features are related to fold-
ing. The ridge along the northeast front coincides
with a synclinorium and has as many as eight sub-
sidiary folds in the evenly bedded Jurassic and Creta-
ceous rocks. The rocks in the hilly lowland south of
this ridge are anticlinal in the southeast and anticlin-
orial in.the northwest, where several sharp folds are
arranged en echelon. Ridges along the southwest
border are formed on a homocline dipping southwest-
ward but have local dip reversals related to gentle
flexures. Apparently this wrinkled homocline per-
sists several miles southwest of the mountains, as in-
dicated by the position and attitude of the Yucca
Formation and the Bluff Mesa Limestone in outlying
hills.

The faults of the Malone Mountains trend north-
ward or northwestward about parallel to the general
strike of the bedding and the fold axes. Two minor
thrust faults, with heaves of 50 to 850 feet, break the
inverted limbs of anticlines at opposite ends of the
range. Normal faults are concentrated in the north-
western part of the mountains, where the more persist-
ent ones have throws of as much as several hundred
feet.

At least three episodes of movement are recorded
by the faults. The thrusts obviously formed during
the later stages of folding. The normal faults are
evidently younger because locally they dislocate the
axes of the folds. Although most of the normal
faults are older than the surrounding alluvial fill
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of the Hueco Bolson, one small fault along the south-
west edge of the mountains drops older basin fill
against rocks of Cretaceous age.

The spectacular folds of the Malone Mountains are
probably no more than incidental effects of over-
thrusting. The log of the Briggs well shows that the
Devil Ridge thrust is less than 1,000 feet below the
mountains at their northwest end. Here the thrust
separates two rock units that are among the weakest
in the entire stratigraphic column, the gypsiferous
sequence of the Briggs Formation and the shale of the
undifferentiated Upper Cretaceous rocks. Corruga-
tions in the overlying limestones of the Jurassic and
Cretaceous Systems evidently reflect adjustments
to flowage within the lubricating layers of gypsum
below.

CAMPO GRANDE MOUNTAIN

On Campo Grande Mountain, a lone hill in the
Hueco Bolson southwest of the Finlay Mountains,
beds of Cox Sandstone and Finlay Limestone are
folded into a syncline and an overturned anticline.
Both fold axes trend northwestward and are slightly
sinuous, like those in the Malone Mountains.

HUECO BOLSON
FAULTS IN THE BASIN DEPOSITS

By contrast with the folded and faulted Paleozoic
and Mesozoic strata, the alluvial deposits of the
Hueco Bolson are mainly flat and unbroken. They
are cut by only a few high-angle normal faults, most
of which cannot be traced for more than half a mile.
The faults have displacements of as much as a few
tens of feet. Although they form no definite pat-
tern, they tend to parallel systems of older faults in
the neighboring uplands.

The east end of one persistent normal fault crosses
the valley of Campo Grande Arroyo directly to the
south of Campo Grande Mountain, where it strikes
N. 50° W. and dips 65°-85° S. This fault displaces
both the younger and the older alluvial deposits of the
bolson but does not extend through the overlying
Madden Gravel (fig. 53). Sandy beds adjacent to the
faults are firmly cemented by calcium carbonate;
they therefore weather in relief as a low wall of sand-
stone. On the east slopes of the arroyo, the fault
has a throw of 12 to 15 feet. This exposure must be
near the southeast limit of the fault, as no evidence
of it was found along Diable Arroyo a mile to the
southeast. Northwest of Campo Grande Mountain,
the trace of the fault is marked by a resequent fault-
line scarp 20 to 40 feet high which extends into the
adjacent Fort Hancock quadrangle at least 15 miles.
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FIGURE 53.—Structural diagram of normal fault in alluvial deposits, 600 yards southwest of Campo Grande Mountain. Shown are sa.nd and
gravel of the younger basin deposits (Qhy) displaced downward against clayey beds of the older basin deposits (Qho). The fault is tx.'un-
cated by an erosional surface at the base of the Madden Gravel (Qm); caliche at top of gravel shown by vertical lines. Qs is wind-

blown sand.

The height of the escarpment in the Fort Hancock
quadrangle indicates that the throw probably amounts
to several tens of feet.

About a mile west of Madden Arroyo, a vertical
fault trending northeastward displaces the caliche
of the Madden Gravel about 6 feet. An eastward-
trending fault of similar magnitude breaks the same
bed of caliche south of the old road to Finlay, near
the northwest corner of the Fort Quitman quadrangle.

Perhaps the faults in the bolson reflect renewed
movement along fractures in the underlying bedrock.
If so, this movement occurred in at least two episodes:
one before the deposition of the Madden Gravel and
one after. There is no evidence of faulting in any
gravels younger than Madden.

FOLDED OLDER BASIN DEPOSITS

Older basin deposits are folded in a northeast-
trending belt exposed along two arroyos southwest
of the northern part of the Quitman Mountains (pl.
7). In most places individual beds cannot be traced
more than a few feet along the arroyo walls, but dips
as steep as 45° are visible. In the southwestern ex-
posures, the beds strike generally northwestward to
north-northwestward; in the northeastern exposures,
they strike north-northeastward. Small overturned
folds and small thrust faults (fig. 54) in the older

basin deposits are exposed along a cut bank about
134 miles southeast of Fort Quitman.

The folding of the older basin deposits probably
did not result from mass movements attending slump-
ing, gliding, or collapse, as the deformed belt is no
more favorably located for such movement than are
other areas of nondeformed basin deposits. Gypsum
in outcrops near the deformed belt is evenly bedded
in layers unaffected by solution, and no deformed
beds are associated with it.

The northeastward trend of the belt of deformed
beds is normal to the structural grain of the Sierra
Blanca area, but deformation of these beds may re-

Arroyo floor level
Approx 90 ft

FEET EXPLANATION

16 Bedding in clay and silt

FI1GURE 54.—Deformed clayey and silty older basin deposits on south
wall of an arroyo about 13; miles southeast of Fort Quitman.
Faults and folds are truncated by an erosional surface at the base
of the Balluco Gravel.
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cord renewed movement along a fault zone that may
have crossed the Quitman Mountains at the position
of the south end of the Quitman pluton and extended
to the broad brecciated zone just west of Bluff Mesa
(fig. 57).

QUITMAN CANYON

No deformed beds were observed in Quitman Can-
yon, and nothing else was found to suggest that the
valley is controlled by any structural feature other
than the strike of the folded bedrock. A well drilled
just south of the mapped area, about midway between
the Quitman Mountains and the main arroyo, pene-
trated 250 feet of alluvium on top of bedrock.

EARTHQUAKE CRACKS IN QUITMAN CANYON

Open cracks that are said to have formed during
the Valentine, Tex., earthquake of 1931 cross the allu-
vium near the center of Quitman Canyon at the
south edge of the mapped area. These cracks are
about 75 miles west of the epicenter of the earth-
quake, in an area subjected to a disturbance of inten-
sity 7 on the Rossi-Forel scale (Sellards, 1932, p. 116).

The cracks have two chief trends (fig. 55). The
longest and most conspicuous ones trend N. 10°-25°
W., and a shorter set trends N. 65°-80° E. and forms
connections between the longer ones. In 1949, 17
years after the Valentine earthquake, many of the
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F1cURE §55.—Barthquake eracks in alluvium in Quitman Canyon at
the south edge of the Sierra Blanca area. Map traced from aerial
photograph taken February 27, 1941, about 9% years after the
earthquake.
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cracks were still partly open to depths as great as
7 feet and widths of 5 inches to 3 feet. The major
northwestward-trending cracks cut across the drain-
age, and at the time of our visit several of the deeper
holes contained water from recent rains. Mesquite
and greasewood grow more luxuriantly near the
cracks than on the nearby flats.

EAGLE FLAT

Eagle Flat is an intermontane basin filled to un-
known depths with unconsolidated sediments. A well
east of the town of Sierra Blanca was drilled 1,000
feet in “alluvium” (Winslow and Kister, 1956, p. 90-
91), and the Southern Pacific Lines well at Hot Wells,
about 10 miles east of the mapped area, was drilled
more than 1,000 feet in unconsolidated deposits
(Baker, 1927, p. 40). Largely on physiographic evi-
dence, Eagle Flat has been interpreted as a tectonic
basin lowered by faulting (King and Flawn, 1953,
p. 16 and p. 114; Smith, 1940, p. 633-634). On the
tectonic diagram (pl. 7) we do not show faults along
the borders, although the basin may be genetically
related to some of the faults near the west end of
the flat.

THE HILLSIDE FAULT AND THE TEXAS LINEAMENT

The high-angle fault between Texan Mountain and
Flat Mesa has been interpreted by Moody and Hill
(1956, p. 1223-1224, fig. 12) as a left-lateral wrench
fault connecting with the Hillside fault of the Carri-
zo Mountains some 24 miles to the southeast (King
and Knight, 1944; King and Flawn, 1953, p. 112,
pl. 1) (fig. 56, this report). The two faults have sim-
ilar strikes and trend into Eagle Flat, but strict
projections of their strikes would not connect themj
the Hillside fault would extend near the north side
of Eagle Flat, and the fault along the north side of
Texan Mountain would extend nearer the south side.
They may, however, be parts of a broader zone. Both
faults are downthrown northward, whereas most of
the other high-angle faults of northwesterly trend in
this region are downthrown southward. If Eagle
Flat is in fact a structural basin, these faults are fa-
vorably situated to form parts of its boundaries, but
displacement on the Hillside fault is in the wrong
direction. Eagle Flat presumably is downthrown
toward the south relative to the Diablo Plateau,
whereas the Hillside fault is downthrown to the
north and has repeatedly had downthrow to the
north (King and Flawn, 1953, p. 117).

We find no direct evidence of strike-slip movement
along these faults. King and Flawn (1953, p. 117-
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Fieure 56.—Position of faults relative to Eagle Flat.

Fault concealed where line is dotted. Hillside fault (4) and fault north of Texan

Mountain (C) are downthrown to the north ; fault B is downthrown to the south. Faults 4 and B after King and Flawn (1953, pls. 1 and 3).

119) reported small strike-slip movements on the
Grapevine and other faults in Precambrian rocks
and considered all these movements to be probably
of Precambrian age. They noted that the northwest-
ward grain of this region was established in Precam-
brian time, and movement along this established pat-
tern was renewed at later times and under different
stresses, so that an interpretation of a mechanism
of faulting based on this pattern must be most un-
certain. Although the zone of faulting can be ex-
tended northwestward into the Hueco Bolson, any
extension eastward from the Carrizo Mountains area
is difficult because no similar structural border zone
has been found in that direction. This abrupt ending
makes it doubtful that large strike-slip movement
occurred along the zone in this region.

Moody and Hill (1956, p. 1228, 1229, and fig. 11)
further interpreted their extended Hillside fault to be
no more than a short segment within the Texas linea-
ment of Hill (Ransome, 1915, p. 295, 358, 369). The
Texas lineament is a transcontinental zone of fracture
supposed to extend from Texas across southern New
Mexico into Arizona and perhaps into southern Cali-
fornia and beyond. That Ransome (1915, p. 295)
was not convinced of the zone’s reality is indicated by
his statement that “The entire, rather vaguely defined
and perhaps in part imaginary, zone from the Pa-
cific to the Gulf of Mexico may be called the ‘Texas
lineament.’ ”

We have reviewed the evidence for and against the
Texas lineament elsewhere (Albritton and Smith,
1957) and have concluded that, while the existence

of the lineament has not been established, the strong-
est evidence in its support comes from the Sierra
Blanca area and the country directly to the east and
west. Many lines of evidence indicate that since
Permian time, at least, geologic histories have dif-
fered on the two sides of the belt along Eagle Flat
and westward between the Quitman Mountains and
Sierra Blanca Peak. Also, the north edge of thrust-
ing in the Sierra Madre Oriental lies in this belt and
was probably controlled by thinning of Mesozoic
strata at the north margin of the Mexican geosyncline.
That the belt has long been a boundary between unlike
geologic provinces is hardly subject to doubt, but
whether this border is part of a transcontinental zone
of fracture is not yet established.

RELATION OF INTRUSIVE IGNEOUS BODIES TO
PRE-INTRUSIVE STRUCTURES

The forms of the intrusive bodies in the Sierra
Blanca area differ according to their structural en-
vironment. The large intrusive bodies, but obviously
not the dikes, in the structural platform north of the
area of thrusts are mainly concordant, whereas those
in the more complexly deformed beds and geosyn-
clinal belt to the south are discordant. The size
and shape of the Quitman pluton may have been
effected in some part by a structure older than the
possible caldera and ring dike.

The southern part of the ring dike has an unusually
straight northeastward trend for about 215 miles
(fig. 1). Southwestward and on the same line is the
belt of deformed basin deposits. To the northeast
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is the broad brecciated zone at the west end of Bluff
Mesa. A line connecting these features (fig. 57)
may mark a transverse zone of structural weakness
which influenced the formation of the south end of the
ring fracture. Movement must have been reactivated
along part of this zone after deposition of the older
basin fill to cause the deformation of these deposits in
a Jocal area, but no indications of any pronounced
post-intrusive fault movement were found along the
dike.

STRUCTURAL HISTORY

The structural history of the Sierra Blanca area
before deposition of the Leonard Series of Permian
age is unknown because no rocks older than the
Leonard are exposed. Probably, though, the history
was similar to that in the Van Horn area adjacent
on the east in which the rocks were deformed during
Precambrian time and also probably during pre-
Permian late Paleozoic time (King and Flawn, 1953).

In the report area the recorded history began dur-
ing Leonard time. Repeated uplift along the edge of
the Diablo Platform is suggested by the thick accu-
mulations of limestone conglomerate in the Leonard
Series of the Finlay Mountains adjacent to the plat-
form. At some time during late Paleozoic, Triassic,
or Jurassic time, the Permian strata were gently
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PIGURE 57.—Alinement of deformed basin deposits, south end of Quit-
man intrusive igneous body, and large breccia zone at west side of
Bluff Mesa. These alined features may be along a transverse zone
of structural weakness.
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flexed, as indicated by the angular discordance at the
base of the Mesozoic sequence. During Late Jurassic
and Early Cretaceous, an area roughly along the
edge of the present Diablo Plateau was again sub-
jected to intermittent uplift, while a geosynclinal
belt to the south subsided, as indicated by the abun-
dance of limestone conglomerate in parts of the
Malone, Etholen, Yucca, and Campagrande Forma-
tions. Thereafter the subsidence became more gen-
eral, and the Mexican sea spread beyond the con-
fines of the geosynclinal trough and over the platform
to the north.

The major deformation that produced the folds,
the thrust faults, and many of the normal faults oc-
curred during Late Cretaceous or early Tertiary time
and thus was probably a part of the Laramide
orogeny of western North America. The youngest
strata deformed in the Sierra Blanca area during this
orogeny are the undifferentiated Upper Cretaceous
rocks, which are probably equivalent to the Eagle
Ford Formation; but still younger Late Cretaceous
rocks, probably equivalent to the Taylor Marl, are
reported in the same belt of deformation in the Eagle
Mountains to the southeast (Baker, 1927, p. 31). The
age of these deformed rocks indicates that the diastro-
phism was no older than late Late Cretaceous, than
the Senonian Stage of Europe. No known evidence
from the region affords a date for the end of the
major deformation. In the report area the folded
Cretaceous and older beds were uplifted and eroded
extensively prior to eruption of the Square Peak
Volcanics, which on scanty evidence are dated as
early Tertiary, possibly Eocene or Oligocene.

Two intervals of thrust faulting are recorded in
Trans-Pecos Texas: (1) the main first interval rep-
resented by the thrusts in the Sierra Blanca area and
by similar thrusts in adjoining areas and (2) the
second interval represented by thrusts that followed
the eruption of some of the lavas (Baker, 1927, p. 87;
1934, p. 150, 189-190; King, 1985, p. 248-249; Giller-
man, 1953, p. 51). No record of the second interval
was found in the area of the present report.

The only conspicuous folds that formed after the
main orogeny are those that accompanied emplace-
ment of the large intrusive igneous bodies, such as
the domes of the Finlay Mountains and Triple Hill.
Although these intrusive bodies and associated struc-
tures cannot be dated on any direct evidence, they
are presumably early Tertiary on the basis that all
the large intrusives are about the same age and that
one of them, the Quitman pluton, is comagmatic with
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the Square Peak Volcanics of probable early Tertiary
age.

Some of the normal faulting occurred after the
main orogeny, but no faulting is established as being
younger than the Gills Gravel, the next to youngest
of the Quaternary gravels on the broad erosional sur-
faces in the Hueco Bolson. This post-Laramide fault-
ing evidently occurred at different times rather than
during a single episode, and movement probably
recurred along some older faults or fault zones. In
the Malone Mountains, for example, most of the nor-
mal faults are older than the deposits of the Hueco
Bolson, but one displaces older basin deposits (prob-
ably Pliocene) against Cretaceous rocks; these faults
trend generally parallel to the strike of the Mesozoic
beds but dislocate the axes of some of the folds. In
the Finlay Mountains, the normal faults are mostly
older than the dikes, but some are younger than the
sills which must be about the same age as the dikes.
In the Hueco Bolson at least two episodes of fault-
ing are indicated: one before deposition of the
Quaternary Madden Gravel, and one later; the
Quaternary Gills Gravel and younger deposits are
not disturbed. The basin deposits also were folded
and thrust on a very small scale southwest of the
Quitman Mountains, but here they are truncated by
the erosion surface beneath the Balluco Gravel and
so the deformation at least antedates that gravel;
this deformation probably resulted from recurring
movement along an older fault zone.

GEOMORPHOLOGY

Processes at work on the landscape of the Guada-
lupe Mountains nearby to the northeast, presented in
an earlier paper (King, 1948, p. 126-138), apply in
the main to the Sierra Blanca area, so do not need
repetition. The following discussion is limited to
such additional features as have special application
to our own area.

WEATHERING

The rocks of the Sierra Blanca area weather dif-
ferently depending on their composition, structure,
and topographic situation. Limestone, dolomite, and
gypsum are slowly dissolved by rainwater, although
the carbonates and sulfates taken into solution are
commonly redeposited near the surface as the water
evaporates. Calcareous sandstone disintegrates as
water moves through the voids and dissolves the
carbonate cement. The monzonite and other relatively
coarse textured igneous rocks of the Quitman Moun-
tains disintegrate to a rubble of crystals and rock
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fragments, largely as the feldspars swell by altera-
tion to clay minerals.

Root wedging is the most effective process of me-
chanical weathering in the stratified rocks of the
mountains. Joints occur in all the harder rocks,
and plants have an amazing capacity for growing
in the tiniest crevices. Expansion of the growing
roots is particularly effective in loosening and detach-
ing joint blocks of quartzite, rhyolite and porphyritic
lava, which of all the varieties of rocks in the area are
perhaps the last susceptible to chemical weathering.

Other kinds of mechanical weathering are rela-
tively insignificant. Frost wedging during some past
epoch of colder and wetter climate may account for
accumulations of sliderock along the upper slopes of
Sierra Blanca peak. Spalling of rock by brush
fires is an unlikely agent of disintegration at pres-
ent but may have been more important before ranch-
ing operations reduced the cover of grass and scrub.
In the northern part of the Quitman Mountains, one
occasionally finds large boulders split in two, as
though broken by a blow from above. These have
probably been split along incipient joints or perhaps
rarely by lightning rather than by differential ex-
pansion attending diurnal changes of temperature,
as suggested by Streeruwitz (1893, p. 143-145). The
weakly consolidated alluvial and colluvial deposits
of valleys and basins are the refuge of burrowing
animals, the prairie dog in particular, which contin-
ually loosen and turn material near the surface.

WEATHERING OF LIMESTONE AND DOLOMITE

Rainwater falling on crystalline limestone and dol-
omite slowly corrodes the rock and forms cavities,
facets, and small channels. Where the rock is pisolitic
or conglomeratic, details of sculpture are usually too
intricate and irregular for analysis. Where the rock
is evenly bedded and fine textured, divided into
blocks by joints, and exposed on dip slopes, effects of
corrosion differ systematically with the inclination of
the slope. Tinajitas—shallow, subcircular, steep-
walled solution cavities (Udden, 1925; King, 1927)—
are characteristic of surfaces inclined at 3° or less.
Smooth facets are corroded on joint blocks whose
original angle of inclination is about 3°-6°. On
steeper surfaces the rills of water etch furrows sep-
arated by serrate ridges.

These three forms of solution sculpture occur only
where the joint blocks are affected by the water that
falls on them and intervening cracks along joints
provide gutters for the collection and discharge of
water that spills from the tops of the blocks; Udden
(1925, p. 7) attributed much of the solution of the
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rock to the action of microscopic algae. Tinajitas
are thus etched on flat slopes where water can be
ponded and flushed by overflow. Facets form where
slopes are sufficiently steep to prevent ponding but
gentle enough to allow water to flow as thin sheets.
Furrows form where rills gather on steeper slopes.

All these effects of solution are well formed on the
Finlay Limestone and Campagrande Formation, es-
pecially along Devil Ridge, Flat Mesa, in the western
Finlay Mountains, and on the Diablo Plateau (Smith
and Albritton, 1941).

The upper surfaces of cobbles and boulders strewn
over the terraces and erosion surfaces are also pitted
and faceted. All the solution-faceted shapes described
by Bryan (1929) occur along with others more elabor-
ate. Remarkably intricate relief is formed by solu-
tion of the dense limestone of the Yuceca Formation;
its cobbles are commonly pitted with -craterlets
bounded by jagged crests and with tiny channels that
run down the sides, but the bottoms of solution-faceted
stones preserve their original shapes. Undercoatings
of secondary carbonate are common, derived from
precipitation of material dissolved from the top.

The nature of the caliche on the gravel-capped ero-
sion surfaces in the Hueco Bolson supports the hypo-
thesis that the caliche is derived from limestone
gravel by solution and redeposition of calcium car-
bonate (Bretz and Horberg, 1949). Here, as well as
in southeastern New Mexico, cupped pebbles and re-
sidual inclusions of insoluble materials occur in the
caliche. Additional support for the hypothesis is
found in the areal distribution of the caliche. In
the southwest quarter of the report area, for example,
the caliche is mostly confined to an area west of a
line joining Hilltop Cafe and Quitman School. The
streams to the west of this line head in uplands
where limestone is abundant, and those to the east
drain mountains made mostly of igneous rock.

The caliche is ordinarily thicker and more compact
on the older surfaces than on the younger. On the
Madden surface, it is chalky and contains scattered
residual fragments of andesite porphyry, quartzitic
sandstone, and other relatively insoluble materials.
On younger surfaces the caliche contains more cupped
pebbles of limestone and commonly rests on a sub-
stratum of limestone gravel.

WEATHERING OF CALCAREOUS SANDSTONE
Wherever sandstone in the Cox Sandstone is ce-
mented with calcite, its outcrops show corrosional
features similar to those on limestone. Tinajitas are
as common on flattish surfaces of the sandstone as
on the limestone; they evidently form wherever
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water is ponded and dissolves the cement. On sand-
stone they are further deepened by release of grains
of sand which are later blown away by the wind.
At an Indian campsite along the base of the Diablo
Plateau, about 10 miles northwest of the Wilkie
Ranch house, mortar holes drilled in the tinajitas have
been enlarged several inches as a result of disintegra-
tion since the site was occupied.

Many of the sandstone boulders that litter the
steeper slopes of cuestas in the Finlay Mountains are
protected from weathering by an iron-enriched skin
of desert varnish, which is now being destroyed.
Destruction ordinarily begins around the bases of
the blocks, which are exposed to rainwash. Acceler-
ated disintegration along the bases produces natural
shelters, many of which have been occupied by In-
dians.

The profusion of these huge angular boulders
suggests that the caprocks are disintegrating fairly
rapidly by the detachment of blocks that then creep
down slopes of shale and sandstone. That such
movement has gone on at some time during the past
is without doubt, but archeological evidence indicates
that many of the blocks have maintained their pres-
ent positions for the last several centuries.

At the Wilkie Ranch house, for example, a cliffy
sandstone face on the steeper side of a cuesta is
covered with drawings pecked into the rock by the
Indians. Similar petroglyphs were found on 60 of
the large blocks that lie on a 20° slope below the
cliff. Many of the drawings are of men and animals,
all of which are in upright position. Obviously,
there has been no detachment of blocks from the
cliff since the petroglyphs were made, nor have the
blocks on the slope rolled or toppled. Middens along
the downslope edges of several of the blocks have
not been overridden by the sandstone blocks against
which they abut. Pottery from the middens has
been dated as A.D. 1200-1300 (Campbell and others,
1941; Howard, 1941; Osburn, 1941; Walker and Trex-
ler, 1941). If the pottery and the petroglyphs are
contemporaneous, as they almost certainly are, the
cliff and the boulders have maintained their present
attitudes for the past 600 or 700 years.

WEATHERING OF GYPSUM

In the Malone Mountains, alternate wetting and
drying of gypsum causes the superficial layers to
recrystallize as coarse selenite in crusts several inches
thick. As the crusts are more friable than the parent
material, they are stripped from slopes during down-
pours and broken into platy fragments. The plates
disintegrate readily as they are moved, but if the
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transport is no more than a few tens of feet, many of
the plates remain intact. They are washed together
in gullies where they become loosely cemented on
drying and form an extremely porous breccia. Sub-
sequent erosion leaves residual pillars of this unusual
rock. Ultimately the crusts are reduced to sand-sized
and pebble-sized aggregates that are swept down the
arroyos toward the Rio Grande.

Although gypsum might be expected to waste
mostly by solution, here it is being eroded mechani-
cally in large part and moved down the arroyos as
detrital material.

MASS WASTING

Movement of large masses of rock primarily in
response to gravity does not seem to be a common
process of wasting now but has been important in
the past.

Slumping of alluvial deposits along the steep sides
of arroyos commonly takes place after heavy rains.
The process is especially active along undercut banks
in clayey alluvium, which expands and sloughs off
when wet.

Large landslide blocks of the kind sometimes called
“toreva blocks” occur along the base of slopes lead-
ing up to the Diablo Plateau. The largest, along
the north side of Prince Albert Canyon, have been
studied by Trace (1942). Here the blocks are as
much as 1,700 feet long and 300 feet across and are
elongated parallel to the margin of the plateau. The
strata in the blocks are of the Cox Sandstone,
although some blocks probably were once covered
by the Finlay Limestone. The displaced beds dip
toward the platean at angles of 15°-30° and were
rotated backward along curved fractures in the pro-
cess of sliding over clayey beds in the lower part of
the Cox Sandstone. The blocks are dissected by
gullies along the strike of the weaker strata, and the
tops are truncated by erosional surfaces that probably
correlate with the surface on which the Madden
Gravel rests.

Lower slopes of mesas and cuestas capped by the
thick layers of Cox Sandstone commonly are covered
by large joint blocks slumped from the caprock. Many
of these blocks are 10-25 feet across. In places the
blocks cover as much as 80 percent of the slopes.

Trains of slide rock fill the heads of ravines on
Sierra Blanca Peak. These accumulations are sev-
eral hundred yards long, probably as much as 20
feet thick, and made of joint blocks of the fine-tex-
tured rhyolitic rock that forms the greater part of
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the mountain. Although the slide rock appears un-
stable, the slabs are actually wedged together so
tightly that they do not slide or roll when they are
walked upon. Little slide rock is probably being
added to the trains, and they may have formed dur-
ing a colder and moister climate, when frost wedging
was a more active process of disintegration.

EROSIONAL SURFACES OF THE BASINS

Erosion surfaces of the Hueco Bolson and outlying
areas are covered by caps of gravel or caliche. Expo-
sures along arroyos clearly show that the caps trun-
cate the bedding in the underlying bolson deposits,
although the angular discordance is generally slight.
The surfaces of truncation are fairly even in most
exposures, but locally they have a few inches to a
few feet of relief. They are largely cut across clay,
sand, and conglomerate of the basin deposits but ex-
tend onto older bedrock along the mountain flanks.

All five of the gravel-capped surfaces mapped in
the Hueco Bolson were formed by the same process
but at different times. Possibly they represent times
of stabilization in the local base level, which in this
area is the channel of the Rio Grande.

Broad fan-shaped surfaces capped with gravel bor-
der the west side of the northern part of the Quitman
Mountains and the Sierra Blanca peaks. After view-
ing some of these from a distance, Johnson (1932,
p- 415-416) sugested that they are “rock fans.” An
erosional surface that probably satisfies Johnson’s
definition of rock fan is trenched by a gully on the
north side of Round Top. Below a sheet of gravel
about 20 feet thick the shale, marl, and sandstone of
Washita age are exposed near the mountain. The
upper and lower surfaces of the gravel are approxi-
mately parallel and dip 15° to the north, whereas the
underlying beds of Washita age dip 20° to the south-
west. The gravel thins upslope and ends near the
rhyolitic core of the mountain. Bedrock below the
gravel is not exposed far enough away from the moun-
tain, however, to permit conjecture on the shape of the
bedrock surface toward the toe of the fan.

Slopes leading up to the Quitman Mountains from
the west have the configuration of alluvial fans but
are composite pediments capped with gravel of at
least three different ages. The pediments are partly
cut on the fanglomerate of the older basin deposits
and partly on the sandy or clayey facies. Over the
apices of these “fans” and within a few hundred
yards of the mountain front, intermittent streams that
head in the mountains are spreading a veneer of allu-
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vium. At the same time the margins are being dis-
sected by streams that head on the bolson.

This interplay of erosion and deposition in the
modeling of land forms is well demonstrated below
Black Canyon off the southwest side of the Quitman
Mountains. The master stream here deposits alluvium
near the edge of the mountains where its carrying
capacity is diminished by a decrease in gradient.
Other streams heading below the mountain front in-
termittently transport gravel down channels choked
with coarse debris. Still farther downslope, steep-
headed gullies, some as much as 40 feet deep, expose
the basin deposits below the gravel. Intermittent
streams cutting these gullies work headward in the
softer basin deposits and undermine the gravel cap.
In most places, 5 to 20 feet of gravel overlies the basin
deposits along a fairly even surface that apparently
truncates the older alluvium. Simultaneous deposi-
tion and erosion in similar situations has been de-
scribed by Rich (1935) and Hunt (1958, p. 189-192).

We were not able to identify any single process as
being uniquely responsible for development of the
pediments. Sheet wash, rill wash, and lateral plana-
tion by streams are all active in the Sierra Blanca
area. During very heavy rainfall, sheets of water a
few inches deep and hundreds of feet wide may flow
across the broader pediments. The moving water that
precedes the sheets flows in rills, and as the volume
of water decreases the rills reappear. All this flowing
water moves clay and sand and some larger fragments,
but we have not observed a flood competent to remove
an entire capping of pediment gravel and erode the
bedrock below. Water flows along rills with almost
every rain and consequently rill flow is much more
common than sheet flow.

The widths of the arroyo flood plains indicate that
lateral planation is effective under present conditions.
During most rains the flowing water remains in the
channels of the arroyos, but during the heavier floods,
the banks are eroded, and the channels shift position
on the arroyo bottom. In some areas mapped as flood-
plain deposits there is actually no main channel; the
water moves in a plexus of small channels more as a
series of rills than as a single stream. Intermittent
erosion in such areas eventually leaves deposits of
older gravel standing as islands. In the Hueco Bolson
the contacts between older and younger capping grav-
els in many places have sweeping curves similar in
shape to curved margins along the present flood
plains, a fact which suggests that lateral planation
was responsible in part at least for cutting the sur-
faces beneath the gravels.

117

EL PASO VALLEY

Remnants of two low cut-and-fill gravel-capped
terraces remain on the ends of spurs bordering upon
the El Paso Valley. Trends of cut banks indicate
that the terraces were formed chiefly by the Rio
Grande, although equivalent terraces were formed
along some of the tributary streams. About 1% miles
east of Quitman Cemetery, the upper part of the
higher tributary terrace has been cut off by an arroyo.

Small alluvial fans have been deposited along the
edges of the Rio Grande flood plain at the mouths of
the tributary arroyos. For about half the length of
the flood plain, these fans coalesce to form a continu-
ous blanket of clay, silt, sand, and gravel that has an
average width of slightly less than half a mile. In
essence, the history of the El Paso Valley has been
one in which the Rio Grande has been widening its
flood plain while its tributaries have been hemming
it between fans. The alinement of the ends of gravel-
capped spurs between arroyos opening up on the flood
plain indicates that these spur ends were eroded by
the Rio Grande. The higher terraces were likewise
trimmed by sideward sweeps of the river, although in
places the fans built at arroyo mouths have separated
the terrace remnants from the present Rio Grande
flood plain.

RESOURCES

Ground water is a most important resource in the
economy of the area. In general, the supply is ade-
quate for domestic use and for the livestock. Mate-
rials for road construction and masonry are abundant
beyond present needs. Several wells have been drilled
for oil, but all have been dry.

Mineral deposits containing base metals, silver, and
tungsten have been extensively prospected in the Quit-
man Mountains, but no appreciable quantities of me-
tallic ores have been produced.

METALS

Metalliferous deposits have long been known to
exist in the northern part of the Quitman Mountains.
Deposits of iron, copper, lead, zinc, nickel, silver,
uranium, and gold were described by Streeruwitz
(1890, p. 221, 223-226; 1891, p. 691-697; 1893, p. 148—
159) and later noted by Baker (1934). Numerous
prospect pits have been dug into the hillsides along
dikes and veins cutting the Quitman pluton and also
in the nearby metamorphic rocks, but little prospect-
ing has been done recently.

The “Bonanza fissure,” on which the Bonanza mine
is located in the northern part of the Quitman Moun-
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tains, has been much prospected and intermittently
mined. It is a northeast-striking vein along a dike
that cuts the Quitman pluton and is partly exposed
for a distance of about 150 feet west of the alluvial
cover. It has been explored from three shafts for
about 400 feet along the strike. At the time of our
visit the workings were largely flooded and were not
accessible. At the surface the vein is 6 inches to 2
feet wide and contains galena and sphalerite inter-
grown with quartz and carbonate minerals. Some
uranium is also present, as shown by chemical anal-
yses. Two pleces of quartzose sulfide ore contained
0.073 and 0.021 percent U3Og; vein rock with neg-
ligible amounts of sulfide minerals contained 0.001-
0.015 percent UsOg; and two samples of altered wall
rock contained 0.076 and 0.046 percent U;Os (ana-
Iysts: G. W. Boyes and J. H. Wahlberg, U.S. Geol.
Survey, 1951). The wallrock is altered through
widths of 2 to 8 inches on either side of the vein.

Secondary copper minerals occur at nearly all the
prospects in the northern part of the Quitman Moun-
tains and particularly at those on the west side near
Silver King Canyon. Small amounts of chalcopyrite
and wulfenite have also been reported. Iron and
manganese oxide minerals coat the rocks at many
of these prospects.

The tungesten-bearing mineral scheelite has been
known since 1916 in recrystallized sugary limestone
beds of the Torcer Formation where it has been meta-
morphosed on the west side of the Quitman pluton
and west of a line projected along the Bonanza fis-
sure (Udden, 1941). According to a report by J. F.
McAllister (written commun., 1942), the scheelite
is in isolated grains, coarse aggregates, and thin vein-
lets replacing the limestone. Rock discontinuously
mineralized with tungsten was traced for about 700
feet along the contact zone. The principal minerals
associated with the scheelite are specular hematite,
garnet, epidote, tremolite, pyrite, quartz, calcite, and
secondary copper minerals.

FLUORSPAR

Fluorspar has been prospected at one locality on
the east slope of the Quitman Mountains about 34
miles southwest of Bug Hill. A trench about 20
feet long in lavas of the Square Peak Volcanics ex-
poses a fluorspar vein 4 inches to 2 feet wide that
trends N. 65° E. and dips between 55° SE and verti-
cal. The fluorite is clear, light green, or purple and
forms discontinuous stringers that also contain silice-
ous material. Fragments of lava embedded with the
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fluorspar indicate that the vein follows a fracture
zone, although no measurement of displacement could
be made. Several shallow pits to the northeast along
the trend of the vein have been largely filled and thus
probably disclosed nothing worth mining.

Fluorspar has been mined from fissure veins asso-
ciated with eastward-trending faults and subsidiary
fractures in parts of Eagle Mountain southeast of
the report area (Gillerman, 1953, p. 61).

CONSTRUCTION MATERIALS

Gravel and caliche from the deposits capping ero-
sional surfaces of the Hueco Bolson have been taken
in many places for road building. The composition
differs from place to place although most of the gravel
deposits contain limestone pebbles and cobbles.

Bedrock has been quarried, or large boulders have
been taken from the surface near the edges of the
mountains for construction work requiring larger
rock fragments. Lava boulders from alluvial deposits
near the mouth of Black Canyon and basalt from
the volcanic neck south of U.S. Highway 80 have both
been used as riprap along the Rio Grande channel.
Riprap for controlling erosion of the arroyo banks
at small bridges or along local road embankments
is commonly obtained by collecting loose blocks of
sandstone, quartzite, and limestone from nearby hill-
slopes.

Some houses and buildings in the area are con-
structed of local stone, especially the Cox Sandstone,
which is easily quarried and cut into building blocks;
loose blocks from the surface have also been used
after reshaping.

CLAY

Clay from the older basin deposits is used as drill-
ing mud. It is dug from open pits, the larger of
which are about a mile southeast of Finlay. Their
exact location is largely determined by considerations
of convenience in extraction, hauling, and shipping.
The mined product is pulverized in ball mills. Part
of it is sacked and marketed as rotary clay, and the
remainder is shipped to points where the clay is
blended with bentonite. Extensive clay deposits,
similar to those already developed, crop out along
Arroyo Balluco and farther westward.

GYPSUM

Gypsum of the Briggs Formation has been quar-
ried sporadically at the railway station of Gypsum,
near the northwest end of the Malone Mountains.
Much of the product has been shipped to El Paso
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for use in making plaster. The gypsum is naturally
exposed in gullies and along hillslopes. On divides
between gullies the gravel overburden is generally
no more than a foot or so thick. Dolomite inter-
bedded with the gypsum is mostly concentrated as
lenses, the larger of which are removed as waste in
the process of mining.

Gypsum crops out at many other places in the
Malone Mountains, as shown by the geologic map.
Except for the broad white flat a mile north of Hill-
top Cafe, the exposures are relatively inaccessible and
too far removed from loading and shipping facilities
to be of commercial value at this time.

GROUND WATER

Nearly all the water used for domestic purposes in
the Sierra Blanca area is derived from wells. Numer-
ous small reservoirs or tanks constructed along arroyos
provide supplementary water for livestock. Land
along the flood plain of the Rio Grande is irrigated
from the river, but this source is not available to the
rest of the area.

The ground water is obtained from wells that range
in depth from a few tens of feet to more than 1,000
feet. The water occurs both in bedrock and in the
alluvial deposits of the basins and valleys.

Of the bedrock formations, the Cox Sandstone is
the best aquifer. This formation yields its water
most readily in the area north of the railway where
the sandstone is coarest and most permeable. Shallow
wells produce water from the Cox in the Finlay
Mountains and probably also in the bolson to the
west. Many wells on the Diablo Plateau derive their
water from the Cox or from sandstone beds of similar
lithology in the Finlay Limestone. Conditions favor-
able for artesian water in the Cox possibly exist in
places along the southwesterly dipping flexure to the
north of the Devil Ridge thrust. (See tectonic dia-
gram, pl. 7.)

Ground water is also produced from wells in the
alluvium of the basins. In the Hueco Bolson, a water
well was drilled to a depth of 855 feet at Esperanza.
According to a log supplied by the local storekeeper,
the upper 500 feet of hole was in basin fill and the
part below in “lime,” “shale,” and “anhydrite.” This
lower section could be either an evaporite facies of
the older basin deposits or Permian bedrock, but
the water probably comes from alluvial beds in the
upper part of the well, as it is potable and not notice-
ably “gyppy.”
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Two wells near the west edge of Eagle Flat supply
water for the town of Sierra Blanca. Both were
drilled 1,000 feet in alluvial deposits of the inter-
montane basin; well 1 yields 40 gallons per minute,
and well 2 yields 35 gallons per minute (Broadhurst,
Sundstrom, and Weaver, 1951, p. 96-97).

The basin deposits in the Hueco Bolson derive
water from a large drainage area, although much of
the very fine grained basin fill probably is relatively
impermeable. (See Sayre and Livingston, 1945.)
Source areas for ground water in alluvial deposits
of Quitman Canyon east of the Quitman Mountains
and Eagle Flat are limited to the drainage from
immediately surrounding hills.

Ground water is obtainable from alluvium at depths
of 50 feet or less along many arroyos and washes.
The quantity of water available varies with the size
of the drainage basin, whereas the quality varies with
the lithology of the drainage basin. Ground water
along the lower reaches of Arroyo Balluco is thus
relatively plentiful but contains much sulfate derived
from gypsum in the Permian Briggs Formation up-
stream.

Only a small quantity of ground water issues at
the surface as seeps or springs, which are most com-
mon along the south edge of the Diablo Plateau and
in the Finlay Mountains.

OIL AND GAS

The Sierra Blanca area produces no oil or gas.
Several dry holes have been drilled around structural
domes in the northern part and on anticlinal struc-
tures in the south. Although these do not indicate a
definite lack of oil and gas in the area as a whole,
they have discouraged further exploration. Locations
of exploratory wells, together with the deeper water
wells for which logs are available, are shown on the
geologic map (fig. 1). Interpretive logs are assembled
in the next section of this report.

The shallow holes drilled in the Finlay Mountains
and on the Diablo Plateau explored structurally high
areas, some of which probably are related to uplifts
above intrusive igneous rocks. The two deepest wells
in the area—the Briggs 1 and Thaxton 1 of the Hay-
mon Krupp Oil and Land Co.—were on anticlines.
Although the Krupp wells were intended as tests of
the rocks of Paleozoic age, both unexpectedly crossed
thrust faults and passed into beds of Cretaceous age
beneath; so, neither penetrated strata older than the
Permian.
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The possibility of finding oil and gas beneath the
Devil Ridge thrust has not been discredited by the
Krupp wells. The great thickness of the Cretaceous
and older strata combined with the expectable variety
of folded and faulted structures and the probable
existence of stratigraphic traps are all favorable
factors. The Krupp wells proved, however, that the
visible structure and stratigraphy may be quite unlike
the structure and stratigraphy below the thrust faults.

INTERPRETIVE LOGS OF WELLS DRILLED FOR OIL
AND GAS IN THE SIERRA BLANCA AREA

In the following interpretive logs, the numbers in
parentheses preceding the names of the wells refer
to the well numbers on the geologic map (pl. 1).

(1) Western States Oil Co., Lockhart, Roseborough, and Benton
1 Sidney Moore well

Location: Gunsight Hills, block 71, sec. 16, T. 6, Texas and
Pacific Railway Co. Survey. In center of section.

Elevation: 4,833 ft.

Total depth: 2,705 ft.

Depth interval
(feet)
1-150

Cretaceous System—Cox Sandstone:
Nosamples. ...
Limestone, gray, cream, tan, fine-textured;
dolomitic in part, sandy in lower half; inter-
bedded fine- to medium-grained calcareous
sandstone and minor amounts of purple
shale; contains oyster shells and oval
smooth carapaces of ostracodes. ... ..._.__
Sandstone and shale, interbedded; sandstone
is pinkish or yellowish gray, mostly medium
grained but fine grained toward top and
pebbly at certain horizons; carbonate ce-
ment; shale is purplish gray or mottled
and sandy, and contains minor amounts of
lignite_ - . ..
Shale, gray, reddish- or greenish-brown,
gypsiferous, some sandy; contains Chara sp_
Cretaceous System—Campagrande Formation:
Limestone, mostly gray or light brownish-gray
(commonly brown, purple or pink toward
base) fine-textured, argillaceous; a few dolo-
mitic beds; small amounts of chert (as
pebbles?) toward base; interbededded shale
is mostly purplish gray or mottled toward
base, slightly gypsiferous in lower part; con-
tains echinoids and Charasp-._ .- __..____
Unconformity.

Permian System—DLeonard(?) Series:

Limestone, predominantly very dark brownish
gray, containing minor amounts of hard
black shale; Schwagerina sp. ranges from top
to bottom; ‘““worm tubes’’ ecommon between
1,640 and 1,875 ft; other fossils include
Endothyra sp., brachiopod spines, echinoid
spines, erinoid stems, and ostrocodes. .. ...

150-200

200410

410-535

535-885

885-2, 050
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(1) Western States Oil Co., Lockhart, Roseborough, and Benton
1 Sidney Moore well—Continued

Permian System—Leonard(?) Series—Con. Dep t(hﬂ%maz

Limestone, cream, tan, or brown, cherty at

certain  horizons; contains fusulinids

throughout, Schwagerina sp. at 2,090 and

2,180 b oo 2, 050-2, 340
(Sill of igenous roek) - ____________________ 2, 340-2, 360

Limestone, cream, tan, brown, cherty; con-
tains fusulinids and erinoid stems_ . _______ 2, 360-2, 560
Permian System— Wolfcamp Series:
Limestone, predominantly dark-gray or brown;
contains Trificites sp. at 2,560 and 2,630 ft;
also brachiopods, ostracodes, and echino-
AermS - o e o eeiceeen 2, 560-2, 650
Clay, gray; contains limestone pebbles_..___ 2, 6502, 670
No samples below 2,670 ft.

Comments.—The total thickness of the Cox is about
562 feet—27 feet of section measured above the collar
and the 535 feet drilled.

The thickness of 350 feet for the Campagrande is
a maximum figure, even if the beds are assumed to
be flat and the hole vertical. Because the contact is
placed at the highest level of Permian fossils, the
dark limestone is included in the Permian and the
varicolored limestone and interbedded gypsiferous
shale, in the Campagrande—a reasonable interpreta-
tion, but not necessarily correct.

Even though we have no way of judging the atti-
tude of the Permian beds, the apparent thickness of
the Leonard(?) is about the same as the measured
thickness in the Finlay Mountains.

(2) Western States Otl Co., Lockhart, Roseborough, and Benton;
Gardner and Moseley 1 well

Location: Block 18, sec. 12, Public School Land, 1,320 ft from
north and west lines. On plateau north of the Finlay Moun-
tains.

Elevation: 5,024 ft.

Total depth: 3,123 ft.

Depth interval

Cretaceous System—Finlay Limestone: (feet)

NoO samples. - oo eemeeeee 0-130

Cretaceous System—Cox Sandstone:

Sandstone, gray and brown; interbedded with
fine-texture1 limestone; numerous fragments
of oyster shells_____ -

Limestone, brownish-gray, hard; contains oys-
ter shells. oo

Sandstone, limestone, and shale, interbedded;
sandstone is gray to brown, fine to medium
grained, calcareous; limestone is gray or
brownish gray, commonly sandy, locally
nodular; shale is gray or reddish brown and
contains Haplostiche texana (Conrad)?,
Chara sp. and some lignite_ -« —ccoccoaooo

130-180

180-220

220-310
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(2) Western States Oil Co., Lockhart, Roseborough, and Benton;
Gardner and Moseley 1 well —Continued

Cretaceous System—Cox Sandstone—Con. Depth, interoat

Sandstone, light-gray to yellowish-brown,
fine- to medium-grained__ . __._________

Shale, varicolored—gray, purplish or reddish-
brown; either highly gypsiferous or inter-
bedded with gypsum; interbedded sandstone
and earthy limestone; contains Chare sp.,
ostracodes, and small amounts of lignite. - _ .

Cretaceous System—Campagrande Formation:

Limestone, light brownish-gray, sandy (at
certain horizons), interbedded with gray
and maroon shale; contains miliolid foram-
inifers and Chara Sp-_ .- ____________

No samples. - ..

Limestone, gray or brown, fossiliferous---..._

Unconformity.
Permian System:

Limestone, brown, fine- to coarse-textured,
cherty (at certain horizons), containing
partings of black shale; contains Endothyra
sp., fusulinids, and sponge spicules_ - - .. ____

Unconformity.
Silurian and Ordovician Systems—Fusselman(?)
and Montoya Dolomites:

Limestone, white to light-tan; contains small
amounts of chert and dolomite._ _________

Limestone and shale, interbedded; limestone
is white to cream and cherty; shale is white
to greenish white, logged as bentonitic..___

Dolomite, white, cream, tan, mostly coarse-
textured; contains small amounts of chert;
some interbedded limestone. . ____________

Nosamples_ oo

Ordovician System—El Paso Formation:

Limestone, white, cream, tan, containing local
partings of shale and small quantities of
chert; contains brachiopods, gastropods,
and pelecypods (not identified inlog)___..__

Limestone, as above, except contains abun-
dant chert_ . ___ .. ___ 2, 495-2, 555

Limestone, as above, except largely sandy, a
few partings of shale, locally dolomitic and
cherty - e 2, 555-2, 989

Ordovician and Cambrian Systems—Bliss(?) Sand-
stone:

Sandstone, gray to greenish-gray fine- to
coarse-grained, interbedded with limestone
toward top and with greenish-gray shale
toward base. oo _.. 2, 989-3, 115

Nosamples. - oo e 3, 115-3, 123

Top of Precambrian estimated at 3,200 ft.

Comments.—Most of the Cretaceous strata are flat
lying; so, the penetrated intervals are approximately
true thicknesses. By this interpretation, the Cox is
500 feet thick and the Campagrande between 173 and
254 feet. There are at least three places where the
base of the Campagrande can be placed; the lowest
possible horizon is chosen in the belief that the thick-
ness should be nearer 300 feet than 200 in this area.

310-370

370-630

630-803
803-847
847-884

884-1, 115

1, 115-1, 250
1, 250-1, 300
1, 300-1, 760

1, 760-1, 780

1, 780-2, 495
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(3) Rio Grande Oil Co., Lockhart and Roseborough 1 well

Location: East dome, Finlay Mountains, block 21, sec. 5, Public
School Land, 1,320 ft from south and east lines.
Elevation: 4,858 ft.
Total depth: 1,786 ft.
Depth interval
(feet)

0-330

Cretaceous System—Campagrande Formation:
Nosamples. - - e
Limestone and shale, interbedded; limestone

is mostly light brown, fine textured, argil-
laceous toward top; shale is gray and
reddish and greenish brown; chert (peb-
bles?) near base_ - ... .- _______

Unconformity.

Permian System—Leonard(?) Series:

Limestone, dark grayish-brown to dark-
brown, fine-textured, cherty (between 1,030
and 1,040 ft); contains ‘“‘worm tubes,”
ostracodes, and fusulinids; Schwagerina sp.
8t 1,050 £t - e

Permian System—Wolfcamp Series:

Limestone, mostly very dark gray or brownish-
gray, cherty; Triticites and Pseudoschwager-
ina at 1,210 ft, Schwagerina and Pseudo-
schwagerina at 1,270 ft___ . _______..

Intrusive contact:

Igneous rock._ - o o-

Nosamples. -

330-496

496-1, 205

1, 205-1, 575

1, 575-1, 681
1, 681-1, 786

Comments—Because the sampling was very spotty,
interpretation was difficult. The contact between the
Campagrande and the Permian cannot be fixed with
any degree of confidence. Conceivably the Campa-
grande extends down to 1,030 feet, where the first
fusulinids were reported. A single fragment of
Chara logged at 960-975 feet would seem to support
this belief; but as the Campagrande can hardly be
thicker than 650 feet in the Eastern Finlay Moun-
tains and the dip no greater than 10° in the area
drilled, the contact is placed at a higher level.

(4) Thazxton 1 well of the Haymon Krupp 0Oil and Land Co.

Location: Sec. 34, block 74, T. 6, Texas and Pacific Railway Co.
Survey.

Elevation: 4,100 ft (approx).

Total depth: 6,402 ft.

Depth inferval
Alluvium: (Feet)
Clay, pink or buff. Sparsely sampled____.__ 0-135
Unconformity.
Cretaceous System.—Upper Cretaceous:
Limestone, brown, fine-textured-_______._.__ 135-400
Limestone, dark-gray or brown; mostly sandy,
pebbly, conglomeratic, or oolitic; fossilif-
erous between 450 and 475 ft; interbedded
gray calcareous shale toward base__._..__. 400-762
Shale, gray, reddish- or greenish-brown, com-
monly calcareous; interbedded dark-brown
limestone, gray sandstone, and limestone
conglomerate; Chara at 958-979 ft.._ ... 762-979
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(4) Thazton 1 well of the Haymon Krupp Oil and Land Co—Con,

Depth i 7
Cretaceous System—Upper Cretacgous—Con. P ( f;e',‘)‘"""

Limestone, brown, commonly sandy or pebbly;
interbedded limestone conglomerate and
varicolored shale, in part calcareous_______

Fault zone.
Breccia, fine-textured brown limestone con-
taining numerous veins of coarse-grained
white calcite; one ecrinoid stem at 1,375-

979-1, 375

1, 375-1, 404
Cretaceous System—Rocks of Washita age:

Limestone and shale, interbedded; limestone
is brown, fine textured; shale is gray and
greenish gray and siliceous_______________

Limestone, brown, fine-textured; interbedded
dark-gray caleareous shale in lower 30 fi.__

Sandstone, fine-grained, gray, calcareous, con-
taining partings of black calcareous shale
and fine-textured brown limestone_._______

Limestone and shale, interbedded; limestone
is fine textured and brown; shale is gray to
black and calcareous; contains Haplostiche
texana (Conrad) - - ______________________

Shale, black, calcareous; contains minor
amounts of interbedded sandstone and
limestone; limestone is mostly dark brown,
but light-brown limestone occurs at 2,820
to 2,830 ft and contains fossil identified on
sample log as ‘fusulinid foraminifer’;
sandstone is gray, fine grained, and cal-
careous; Haplostiche texana (Conrad) re-
ported by E. R. Lloyd___________________

Cretaceous System—Finlay Limestone:

Limestone, gray or brownish-gray, fine-
textured; dark-gray calecareous shale inter-
bedded throughout; fine- to medium-grained
sandstone in lower 60 ft; Haplostiche texana
(Conrad) reported by E. R. Lloyd..._____ 2, 843-3, 105

Cretaceous System—Cox Sandstone:

Sandstone, gray to brown, medium-grained,
loose to firmly cemented, secondary growths
of quartz on many grains; partings of
limestone and shale at several horizons. ...

Limestone, brown, fine-textured; and inter-
bedded sandstone and shale; sandstone is
gray, fine to medium grained, weakly to
firmly cemented with carbonate mineral;
shale is gray to black, caleareous__________

Sandstone and shale, interbedded; sandstone
is gray, brown, or white, fine to coarse
grained, weakly to firmly cemented with
carbonate mineral, pebbly at certain hori-
zons; shale is brownish or greenish gray; a
few partings of limestone; fossiliferous
between 3,375 and 3,505 ft, shell fragments,
ostracode, and Chara(?) .. ______________

Cretaceous System—Bluff Mesa Limestone and
Yucca Formation:

Limestone, brown, mostly finely crystalline,
pebbly at certain horizons; and interbedded
gray and brown shale, gray calcareous
sandstone, and limestone conglomerate;
Chara at 3,869~3,875 ft. .. ... __________

1, 404-1, 567

1, 567-1, 820

1, 820-1, 920

1, 920-2, 395

2, 395-2, 843

3, 105-3, 246

3, 246-3, 368

3, 368-3, 842

3, 8424, 790
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(4) Thazxton 1 well of the Haymon Krupp Oil and Land Co—Con.

Cretaceous System—Bluff Mesa Limestone and peph interval
Yucca Formation—Continued (feet)
Limestone, brown, cherty, fine to coarsely
crystalline; partings of dark-gray asphaltic

shale - oo 4, 790-5, 343
Sandstone, gray and brown, fine-grained;
partings of dark-gray shale, siltstone and
brown dolomite ... __________ 5, 343-5, 477
Dolomite, gray or brown, fine- to coarse-
textured; interbedded with black shale
toward top; contains much brown and gray
chert toward bottom, possibly as lenses of
chert pebbles_______ ... . .. 5, 477-6, 128
Unconformity.
Permian System—Leonard(?) Series:
Limestone, gray and brownish-gray, coarsely
crystalline, cherty. Fusulinids at 6,132-
6,135 and 6,205-6,315 ft____ .. _________._ 6, 128-6, 367
Shale, Eray - - oo 6, 367-6, 402

(5) Patillo and Welch, Briggs 1 well

Location: At northwest end of Malone Mountains. Block 73,
sec. 13, Texas and Pacific Railway Co. Survey; approx 300 ft
from south and west lines.

Elevation: 4,016 ft.

Total depth: 1,135 ft.

Depth interval
(feet)
No samples; possibly all allavium___.___._________ 0-148
Permian System:
Briggs Formation: dolomite and gypsum______ 148-645

No samples. Devil Ridge thrust somewhere in

this interval . __ _ . ____ 645-715
Cretaceous System:
Undifferentiated Upper Cretaceous rocks (prob-
ably Eagle Ford Formation): sandstone, shale,
siltstone . - .o 715-739
No samples. - - oo oo 739-1, 135

Comments.—Gaps in this log greatly impair its use-
fulness. The thrust cannot be more than 715 feet
below the collar of the well. If at 715 feet, it lies 75
feet higher than in the Krupp Briggs 1, which is located
at the same elevation 600 feet due south, and the fault
would have a north-south component of dip amounting
to 7°.

(6) Briggs 1 well of the Haymon Krupp Oil and Land Co.

Location: NE1{ sec. 24, block 73, T. 7, Texas and Pacific
Railway Co. Survey.

Elevation: 4,016 ft.

Total depth: 5,973 ft.

Alluvium:
Clay, light pink, sandy and pebbly, gypsif- Dep ‘{',,‘Z,‘)“"”“’
ETOUS o o v o o o e e e = 0-115
Unconformity.
Permian System—Briggs Formation:
Dolomite and gypsum, interbedded; dolomite
is dark gray to dark brown, fine to medium
textured, veined with calcite and gypsum;
gyspum, white, platy or finely crystalline..  115-600
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(6) Briggs 1 well of the Haymon Krupp Oil and Land Co.—Con.
Permian System—Briggs Formation—Con. Dept? fe','g‘)mm
Limestone, sandstone, and gypsum; limestone

is gray or brownish gray; sandstone is gray
or reddish brown, calcareous; gypsum is
white or reddish brown, platy or finely

erystalline . . . ____________._____ 600-790

Fault.
Cretaceous System— Undifferentiated Upper Cre-
taceous rocks (probably Eagle Ford Formation):
Shale, dark-gray, calcareous to marly, inter-
bedded with gray calcareous sandstone in
units several feet to several tens of feet
thick; some sandstone beds in upper 100 ft
contain abundant biotite_._______________
Sandstone, gray, fine- to coarse-grained,
calcareous, interbedded with shale; shale
is mostly dark gray, very calcareous, some
greenish gray._ . ________________________
Shale, dark-gray, caleareous; and interbedded
gray caleareous sandstone; a few partings
of brown fine-textured limestone..________
Cretaceous System—Rocks of Washita age:
Limestone, mostly brown and fine-textured,
some light-gray or buff and oolitie; possibly
conglomeratic at horizons within upper
100 ft; a few widely separated partings of
shale and sandstone; fossiliferous, prismatic
fragments of pelecypod shells around 2,150
ft, fragments of small caleareous foraminifers
at 2,275-2,280 and 2,325-2,335 ft___.______
Sandstone, white and gray, medium-grained,
glauconitie, of angular quartz grains loosely
cemented with caleite; partings of dark-
gray calcareous shale and brown crypto-
crystalline limestone. .- _________________
Limestone and shale, interbedded; limestone
is brownish gray to dark brown, fine
textured; shale is gray or brownish gray;
medium-grained sandstone, loosely ce-
mented, is interbedded in upper 80 ft;
fossiliferous, fragments of pelecypod shells at
2,575-2,585 ft, scattered fragments of
echinoderms (logged as crinoid stems) and
one ostracode between 2,610 and 2,675 ft. _
Shale, light- to dark-gray, silty, mostly
noncaleareous (but very calcareous in
upper 100 ft); interbedded sandstone and
limestone in minor amounts; sandstone is
light to dark gray or brownish gray, fine,
calcareous, argillaceous; limestone is brown,
fine textured. (Probably includes Kiamichi
Formation) _ _ ___________ . ________ 2, 990-3, 440
Cretaceous System—Finlay Limestone:
Limestone, buff to dark-brown, fine-textured,
sandy or pebbly (toward top and bottom);
partings of dark-gray or brown caleareous
shale; interbedded calcareous sandstone in
lower 45 ft; fossiliferous, shell fragments
and fragments of miliolid(?) foraminifers
at 3,595-3,605 f6___ . ____________________ 3, 440-3, 700

790-1, 455

1, 455-1, 620

1, 620-2, 070

2, 070-2, 400

2, 400-2, 515

2, 515-2, 900
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(6) Briggs 1 well of the Haymon Krupp Oil and Land Co.—Con.

Cretaceous System—Cox Sandstone:

Sandstone, gray, of fine to coarse angular
quartz grains, loosely ecemented with calcite;
interbedded gray or brown fine-textured
limestone and gray calcareous shale. _._..__ 3, 700~3, 895

Shale, gray, interbedded with white calcareous
fine- to medium-grained sandstone.____._._ 3, 895-4, 012

Sandstone and shale, interbedded; sandstone
is white to gray, fine to medium grained,
calcareous or argillaceous; shale is mostly
gray, reddish brown toward base; ‘“plant
remains’’ logged at 4,123-4,131 ft__ . ____..

Shale, gray and reddish-brown, interbedded
with sandstone and limestone; sandstone is
gray and reddish brown, mostly fine and
calecareous; limestone is reddish gray, finely
erystalline_ _ . _______ . _________________ 4, 173-4, 500

Cretaceous System—Bluff Mesa Limestone and
Yucea Formation:

Limestone, gray or brownish-gray, fine to
coarsely crystalline; interbedded with gray
shale; in lower 190 ft shale is mostly reddish
brown and is interbedded with some brown
calcareous sandstone. - . _ ... __._______ 4, 500-5, 380

Limestone, dolomite and chert; limestone is
white or gray; dolomite is white; excessive
amounts of chert (20 to 90 percent of 10
different samples) suggest that much of this

Depth interval
(feet)

4,012-4, 173

interval is actually in conglomerate. ____.__ 5, 380-5, 597
Dolomite, coarsely crystalline, cherty toward
BOD - - & oo 5, 597-5, 793

(7) Rio Bravo Oil Co., Southern Pacific Right of Way 1 well

Location: Block 72, sec. 16, Texas and Pacific Railway Co.
Survey, T. 7, 1,800 ft from north line and 1,000 ft from east
line.

Elevation: 4,140 ft.

Total depth: 1,406 ft. Completed as water well, probably in
sandstone of Washita age.

Depth interval
(feet)
No samples. All could be alluvium__ ... ... 0-60
Jurassic(?) or Lower Cretac?ous(?):
Limestone, brownish-gray, some coarsely
oolitic, in association with hard argillaceous
T8 018 5170 <1 SRR U 60460
Crosses thrust_ _ - - - e eieas 460-555
Cretaceous System—Rocks of Washita age:
Limestone, silty shale, and glauconitic sand-
stone; Inoceramus, ostreid, echinoderm frag-
ments and Haplostiche texana—all suggesting
Washita. - oo 555~-1, 370
No samples.. - oo oo e eaeaam 1, 370-1, 406

Comments.—This well is favorably situated to yield
information on thrusting beneath the Malone Hills.
Unfortunately, samples were not systematically taken,
and the log shows but few ‘“tops” for the samples
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logged. Accordingly the above interpretation is mostly
guesswork.

On the negative side, however, the log is more useful.
There is no suggestion of Briggs or other Paleozoic
rocks.

Furthermore, the entire drilled section is possibly of
Washita age—if indeed the Washita contains coarse
oolitic limestone.

(8) O’Keefe Fee 1 well

Location: On east slope of Sierra Blanca peak. Block 71, sec. 23,
Texas and Pacific Railway Co. Survey, T. 7. 1,320 ft from
east and south lines.

Elevation: 4,995 ft.

Total depth: 1,341 ft. Completed as a water well.

Depth interval
(feet)
Alluvium(?). Nosamples_____________________
Cretaceous System.—Rocks of Washita age:
Limestone, brownish-gray or gray, commonly
sandy, shaly toward base; interbedded with
sandstone and shale; sandstone is white or
gray, fine grained, limy, locally argillaceous;
shale is dark gray, soft to hard, commonly
sandy; fossiliferous, Lagena sp., Haplostiche
texana (Conrad)?, Nodosaria communis,
large echinoid spines, and fragments of oys-
tershells._____ o ______.
(Sill of igneous rock(?); logged as “hard cream-
colored speckle ash™)___________________.
Shale, brown to black, silty; contains shell
fragments and echinoid spines. _._____.____
(Sill of igneous rock(?) ; logged as ‘““hard cream-
colored ash’”) __________ . ______.__.___
Limestone, grayish-brown, red, pink, yellow,
tan; sandy, grading into fine sandstone at
base; few Haplostiche texana, Pecten sp.,
oyster fragments_... ... ________
Cretaceous System—Finlay Limestone:
Limestone, tan to dark-gray; fossiliferous, con-
tains fragments of “large Orbitoling’’ (=
Dictyoconus walnutensis?) at 475-480 ft____
Sandstone, pinkish- to reddish-brown________
(Sill(?) of igneous rock; from 560 to 627 ft
logged as “whitish crystalline igneous rock,”’
below 627 ft logged as tuff)___.__________
Limestone, dark-gray; fossiliferous, contans
shell fragments and large arenaceous fo-
raminifers______________________________
Cretaceous System—Cox Sandstone:
Shale, dark-gray, silty, lignitie_______._______
Sandstone, gray, of fine to coarse clear sub-
angular grains; interbedded light-gray to
green clay shale________________________
Shale, sandstone, and limestone, interbedded;
shale is gray, silty; sandstone is mostly fine
grained calcareous; limestone is sandy____
Limestone, gray, sandy, or earthy_.._...____
Sandstone, greenish-gray, fine-grained..______
(Sill of igneous rock(?); logged as ‘‘dark-gray
metamorphosed * * * rock,” “limestone
bearing abundance of ash,” et cetera)_.____ 1, 190-1,215

0-60

60-235
235-310
310-360

360-400

400-420

420-550
550560

560-890

890-950

950-970

970-1, 100

1, 100-1, 140
1, 140-1, 170
1, 170-1, 190
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(8) O’Keefe Fee 1 well—Continued

Cretaceous System—Cox Sandstone—Con.
Sandstone, medium- to coarse-grained; inter-
bedded with reddish-brown and gray shale;
possible thin sill of igneous rock crossed at

Depth interval
(feet)

1,215-1, 330
1, 330-1, 341

Comments—If the igneous bodies are omitted, 200
feet of Finlay was penetrated—only 20 feet more than
measured across the valley at Triple Hill. A dip
of 25° would account for the interval penetrated in
the well.

(9) Joe O’Keefe: Water well 1

Location: Block 6114, NE14 sec. 3.
Elevation: Not given.
Total depth: 645 ft(?).

Depth interval
Cretaceous System—Cox Sandstone: (feer)
Sandstone and some shale_.... ... _..___ 0-345

No samples; norecord._ _ ____ . . __________ 345-505
Interbedded sandstone, shale, and sandy limestone,
parted by sills of igneous rock logged as tuff___ 505-645

(10) H. H. Henshaw Love 1

Location: Off north end of southern Quitman Mountains block
6714, NE1{ sec. 9, Public School Land.

Elevation: 4,383 ft.

Total depth: 690 ft.

Depth interval
Quaternary System—Alluvium: (fet't)ma
No samples. oo e 0-15

Clay, light yellowish- or reddish-brown, sandy and
pebbly; interbedded with limestone gravel be-
tween 175 and 235 ft______________________.__

Unconformity.
Cretaceous System—Bluff Mesa Limestone or Cox
Sandstone:

Limestone and sandstone, interbedded; more lime-
stone than sandstone; limestone is gray to brown,
fine textured; sandstone is gray to reddish brown,
hard, some quartzitic; single ostracode found at
380-400 ft . - e 270-400

Cretaceous System—DBluffi Mesa Limestone:

Limestone, very dark gray to dark brownish-gray,
fine-textured, some silty; sparsely fossiliferous,
miliolid foraminifers, oyster shells, echinoid
spines, and ostracodes; Orbitolina texana (Roe-
mer) at 680-690 ft________________________._. 400-690

15-270
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